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TISSANDIER’S ELECTRIC BALLOON. 


Execrricity, which has contributed so many new re- 
sources to our modern industries, is perhaps upon the eve 
of giving us a solution of the great problem relating to 
aerial navigation. As long ago as 1881, Mr. Gaston Tissan- 
dier, struck by the advantages ihat are presented by the new 
dynamo-electric motors, from an aerostatic point of view, 
such »s absence of fire, constancy of weight, lightness, and 
ease of running, operated at the Exhibition of Electricity a 
smal! directible electric balloon. Since that epoch he ie 
constructed a new bichromate of potash pile which is of 
slight weight, and capable of yielding considerable electri- 
city for a short time, Soon after this, ‘Mr. Albert Tissandier 
began a special study of the mode of constructing a large 
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in place beneath by a bamboo rod, is also fitted to the stern. 
The car contains the motor, which is formed of 24 bichro- 
mate of potash elements that actuate a Siemens dynamo 
which is connected with the helix through the intermedium 
of gearing. The motor has a power of 100 kilogrammeters, 
equivalent to that of 10 men, and drives the helix, which is 
about 38 meters in diameter, at the rate of 180 revolutions 
per minute. 

The balloon was inflated on the 8th of October by means 
of a large hydrogen apparatus, constructed by Mr. Gaston 
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three distinct apparatus, to wit: 1. That of the balloon, 
pomeets socalled. 2. That of a bydrogen supeseite for 
nflating it. And 3. That of an electric motor designed for 
moving it by means of a screw which in revolving takes its 
purchase upon the air. 

The construction of an aerial ship of elongated form pre- 
sents serious difficulties, and can have as a guide only two 
previous experiments—that of Mr. Henri Giffard in 1852, 
and that of Mr. Dupuy de Lome in 1872. Ib the 
small balloon that we operated at the time of the Exhibi- 


tion of Electricity, says M. Gaston Tissandier in La Nature, 
we adopted as a mode of suspending the car a longitudinal 
rod beneuth, like the one in Giffard’s steam balloon. It has 
seemed to us since then that it would prove advantageous 
to place the helix behind a large parallelopipedic car that 


Tissandier, which produces a very pure gas possessing an 
ascensional power of 1,180 grammes per cubic meter. The 
Messrs, Tissandier asconded slowly at twenty minutes past 
three o'clock in the afternoon amid the applause of numer- 
ous spectators. Our engraving represents the electric bal- 
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ASCENSION OF TISSANDIER’S ELECTRIC BALLOON, OCT. 8, 1883. 


elongated balloon that should offer the indispensable condi- 
tions of lightness and of stability in the atmosphere. The 
two brothers have subsequently entered into partnership 
and put up at Auteuil a large balloon factory, and here has 
recently been performed an experiment which we are about 
to describe, and which will assuredly mark a new era in the 
history of aerial navigation. 

The balloon, properly so called, is in shape like those of 
the late Mr. Giffard ool of Mr. Dupuy de Léme, and is 28 
meters in length from point to point by 9°2 meters in dia- 
meter. It is provided beneath with a conical neck which 
terminates in an automatic safety-valve. Its capacity is 
1,060 cubic meters. It was constructed by Mr. Albert Tis- 
sandier, who has very happily replaced the usual netting by 
a suspension covering formed of ribbons sewed to the lon- 
gitudinal elliptical strips, according to a geometrical dia- 
gram. This suspension covering is fixed upon the sides of 
the balloon to two flexible rods which accurately adapt 
themselves to its form from one extremity to the other, and 
keep the entire affair in shape. To the lower part of the 
suspension covering there is attached a netting that termi- 
nates in twenty suspension ropes which support the car by 
its four upper corners. 

e car is in the shape of a cage and is constructed of 
bamboos, which are strengthened by cords and gutta-percha- 
covered copper wires. The suspension ropes are connected 
together horizontally by a ring formed of cordage fixed two | 
meters above the car. To this ring, which distributes the | 
traction equally during a descent, are attached the stoppage 
apparatus—the guide-rope and the anchor-line. The rudder, | 
which consists of a large surface of unvarnished silk held | 


Joon at the moment of starting. A few minutes after its | had sufficient height to protect the propeller against the 
ascent it was observed that the aerial ship was heing carried danger of a shock on descending. The car, in this case, 
along by quite a brisk wind, at a few hundred meters alti- | would be connected with the balloon by oblique suspension 
tude; but upon the helix being set in motion, and upon the | cords, and the affair would be prevented from getting out 
vessel being headed to the wind, she remained immovable, | of shape by means of flexible rods fixed to the two sides of 
and wouki have even been able to stem the aerial current | the balloon. 
had not all maneuvers been prevented by gyratory motions| The construction of a balloon thus conceived was under- 
that were produced by the play of the rudder. Despite such | taken in the shops of Mr. H. Lachambre, who assumed the 
motions, bowever, the balloon remained for a long time over | responsibility of manufacturing it. A small model of 
the Bois du Boulogne, and, when finally it began to descend | about 15 cubic meters capacity had previously been made, 
the aerial current, was easily swerved to the right and left | and it was only after studving the work‘ng of tbis in a cap- 
of the line of the wind under the action of the propeller and | tive state that the construction of the large one was begun. 
rudder. The descent, which was effected without trouble, | The electric balloon is in shape like those of Messrs. Gif- 
occurred at thirty-five minutes past four at Croissy-sur- | fard and De Lome, and is 28 meters in extreme length. by 
ine. |9°2 meters iv diameter at the center, It is provided be- 
This first experiment is of a most encouraging character, | neath with a conical neck that terminates in an automatic 
but, in succeeding ones, the balloon will be improved in | safety valve. The fabric is percaline, this being rendered 
some of its parts. It will be possible to furnish it with-a | impermeable by a new varnish of excellent quality, The 
more powerful motor, since, on the ascension of October 8;| capacity of the balloon is 1,060 cubic meters. The suspen- 
there was a considerable excess of ballast. —Z’ I//ustration. [ere is pre «4 of — —_ to wo ee 
, nal ptical pieces that keep them in the geometrical posi- 
TICANDIEE © ELBOTRSO BALLOON. thew that ak ps to occupy. The ribbons, thus arranged, 
In the Screntrric AMERICAN SurriemEent No. 413, | fit perfectly to the inflated fabric and form no projections, 
Dec. 1, 1888, we gave engravings and a description of the as would be the case with a netting. We reproduce in Fig. 
large apparatus employed by Mr. Tissandier for the manu-/| 1 the diagram that was used for shaping the pieces of the 
facture of the hydrogen gas by which the balloon was) balloon and the different parts of the suspension covering. 
supplied; also an account of the establishment where the | This latter is fixed, at the sides of the balloon, to two lateral 
balloon itself was made. We now come to the relation of | flexible rods. which follow its contour accurately from 
the practical trial of the curious machine, and the details of | point to point, in passing along a line with its center. These 
its novel machinery, rods are formed of thin walnut laths adapted to longitudi- 
The construction of the electric balloon included tbat of | nally-sawed bamboos, and strengthened by strips of silk. To 
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the lower part of the covering is fixed a network that termin- | 


ates in twenty suspension cords, which are attached in groups 


of five to the four upper angles of the car. The latter is | 


cage sbaped, aud is constructed of united bamboos consoli- 
dated by cords and copper wires covered with gutta-percha. 
The lower part of the car is formed of cross-pieces of wal- 
put which serve as a support for a basket work of osier. 
The suspension cords entirely envelop the car and are 
woven into the lower basket work. They had previously 
received a coating of rubber, so that, in case of accident, 
they might be preserved from contact with the acid con- 
tained in the car for supplying the piles, The suspension 
cords are connected horizontally by a ring of cordage situ- 
ated two nieters above the car, 





x 








My brother was specially occupied in regulating the bal- 
last in order to keep the balloon at a constant altitude, aud 
not far from the surface of the earth. The balloon hovered 
over the earth very regularly at a height of four or five hun- 
dred meters. It remained constantly inflated, and the gas 
in excess escaped through expansion by opening, under its 
pressure, the lower automatic safety valve, the operation of 
which was very regular. 

A few minutes after the start I operated the battery of 
bichromate of potash piles, which was composed of four 
ironghs of six compartments each, forming 24 elements 
mounted in tensiou. A mercurial commutator permitied us 
| lo operate at will six, twelve, eighteen, or twenty-four ele 
|ments, and to thus obtain four different velocities of the 
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Fra. 1.—DIAGRAM OF PART OF THE ELECTRIC BALLOON, SHOWING A QUARTER OF THE 
SUSPENSION COVERING. 8S. UPPER STRIP. AA. LATERAL STRIP ON A LEVEL WITH 
THE ROD. BB. LNTERSECTIONS OF THE CONICAL NECK WITH THE STRIPS. 


The stoppage apparatus for descent (the guide rope and 
the anchor line) are attaclicd to this ring, which, in addition, 
is designed for distributing the traction equally during a 
descent. The rudder, which is formed of a large surface 
of unvarnished silk held beneath by a bamboo, is affixed 
behind. 

The following is the weight of the different parts: 


Balloon with valves. ... rere 
Stspension covering, with rudder and 





suspension cords ....... re 70 
Lateral flexible roda,...........cccccrsee 8 
a eae oat oe 100 ; 
Motor, helix, and piles, with the liquid 

for operating them during two aud a 

gg eon sie stieeah aleve nail 280 * 
Stoppage apparatus (anchor and guide 

FIPS). occcccocces Coe eer eeeeeseeees 50 ag 

Weight of material......... —_— 
Two excursionists and instruments...... —_ 
FROME OE ORTON, o.0 60:0. vccsncccccmans 386 = 

otal... sacvcvescecsceic 1,240 kilogr. 


The ascensional force, reckoning 10 kilogrammes excess 
for the ascension, was 1,250 kilogrammes. The capacity of 
the balloon being 1,080 cubic meters, the gas therefore gave 
an ascensional force of 1,180 grammes per cubic meter, a 
result that had never before been obtained with preparations 
of hydrogen on a large scale. 

From the end of September the gas apparatus was ready 
to operate, the balloon was stretched out upon the ground, 
under a long movable tent, so that it could be at once in- 
flated; the car and motor were stored away under a shed, 
and my brother and [ ouly awaited fine weather in order to 
perform our experiment. 

On Saturday, the 6th, a high barometer was noted, and on 
Sunday, the 7th, the weather became fine, with a slight wind, 
and we therefore decided that the experiment should be made 
the next day, Monday, October 8. 

The inflating of the balloon was begun at 8 o'clock in the 
morning, and was continued uninterruptedly until half-past 
two in the afternoon, This operation was facilitated by the 
equatorial cords which hung from the right and left of the 
balloon, and along which were let down the bags of ballast. 
These cords are shown in Fig. 2, which gives a front view 
of the balloon. The aerial ship having been completely in- 
flated, the car was at once fixed in place along with the ebo- 
nite reservoirs, each containing 30 liters of acid solution of 
bichromate of potash. At twenty minutes past three, after 
piling up the ballast in the car and balancing the latter, we 
slowly ascended into the air through a slight E.S.E. wind. 

At the surface the wind was nearly null, but, ss frequently 
happens, it increased in velocity with the altitude, and we 
ascertained by the movement of the balloon over the earth | 
that it attained at a height of 400 meters a velocity of | 
meters per second. 





helix that varied from 60 to 180 revolutions per minute. 
With 12 elements in tension we found that the speed of the 
balloon in the air was not sufficient, but over the Bois du 
Boulogne, when we set our high speed motor running, by 
means of 24 elements, the effect produced was entirely dif- 
ferent. The forward motion of the balloon suddenly be- 
came perceptible, and we felt a fresh breeze that was pro- 
duced by our horizontal movement. When the balloon was 
facing the wind, its front point then being directed toward 
the steeple of the church of Auteuil near our starting place, 
it held its head to the aerial current and remained motiouless 
—a fact that we ascertained by taking datum points on the 
earth under our car. Unfortunately, it did not long remain 
in this favorable position, but after operating well for a few 





———— 
instants, became rgpane: | subjected to gyratory motions 
that the play of the rudder was powerless to com pletely 
| master. 
Despite such rotations, which we shall find a means of 
| avoiding in future experiments, we began the same maney. 
ver agaiu for more than twenty minutes, and this permitted 
us to stand perceptibly stationary over the Bois du Bou. 
logne When we endeavored to move forward, in cutting 
the wind in a direction perpendicular to that of the aerig] 
current, the rudder inflated like a sail and the rotations oe. 
curred aguin with much more force. We infer from these 
facts that the position that an aerial ship should occupy 
should be such that its larger axis makes with the line of the 
| wind only an angle of a few degrees. 



































Fie. 2.—FRONT VIEW OF THE BALLOON. 
WITH THE INFLATION CORDS. 


After performing the experiments that we have just de- 
scribed, we stopped the motor, and the balloon then passed 
over Mont Valerien. After it had ounce become accustomed 
to the behavior of the wiud we again set the screw in opera- 
tion, and ran this time in the direction of the aerial current 
The speed of the balloon was thus increased, and by the ac 
tion of the rudder we then easily swerved to the right or left 
of the wind. We ascertained this fact by taking, as before, 
datum peints upon the earth below. Moreover, several ob- 
servers at the surface verified it. 

At thirty-five minutes past four we effected our descent 
upon a Jarge plain in the neighborhood of Croissy-sur-Seine, 
where the maneuvers connected with landing were per- 
formed by my brother with complete success, We left the 





Fie. 3.—TISSANDIER'S 








ELECTRIC BALLOON. 


December 22, 1888, 
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i 
n inflated all night, and, on the next morning, it was 
not to have lost the least quantity of gas, but was as 

full inflated as on the preceding eve. 

e would have liked to begin a new ascension on the same 


reducing its size by employing four ebonite troughs each part in flexible clamps which permit of their being easily 
having six compartments, instead of 24 receptacles insulat- renewed after each experiment. These zincs are given a 
ed from one another. We have, besides, given a little thickness of 0°0015 m. in order to have the pile operate for 


| greater height to the vessels, thus permitting us to gain in | three hours. They must be perfectly amalgamated, Each 


compartment is provided at its lower part with a thin tube 
of ebovite, which communicates with a lateral conduit, tbat 








Fie. 4—THE CAR OF 


day, but the cold had, during the night, caused the crystal 
lization of the bichromate in our reservoirs, and the pile, 
which was far from being used up, was thus not in a state to 
work. We had the balloon moved to the banks of the Seine 
near Croissy, and here, to our great regret, we had to pro- 
ceed to empty it and lose in a few seconds all the gas that 
we had taken so much pains to prepare. 

Without entering longer into any details on the subject of 
our return, we may conclude from this first experiment the 
following facts: that electricity furnishes a balloon with one 
of the most favorable of motors, the management of which 
in the car is extremely easy ; that, in the particular case of 
our own balloon, when our helix, of a diameter of 2°8 m., 
Was revolving at the rate of 180 times per minute, with an 
effective work of 100 kilogrammeters, we succeeded in hold- 
ing head to a wind of 3 meters per second, and, upon de- 
scending the current, in swerving from the line of the wind 
with the greatest case ; and that the mode of suspending a 
car to an elongated balloon by oblique straps held by means 
of flexible rods at the sides secures a permanent stability to 
the system 

We must add that our ascension of October 8 should be 
only considered as a preliminary trial trip, which will be re- 
hewed along with such improvements as our material per 
mits of. We must especially observe that we had in our 
car a considerable excess of ballast, and that it will be easy 
for us, hereafter, to employ a much more powerful motor. 

Aerial navigation will not be created all at once, for it 
hecessitates numerous trials, mu!tiple efforts, and a perse- 
verance that is proof against everything. 

THE BATTERY AND MOTOR 
_ Having given a general description of our apparatus and | 
ils practical working, in a former article, we shall now give | 
afew details in regard to the different parts of it, and espe- 
cially in regard to the dynamo-electric motor and the bi 
chromate of potash piles which we have constructed in view 
of our experiments. 

The motor is a Siemens machine of new model, made 
Specially for us in a Paris shop, and comprises a bobbin 
Which is very long with respect to its diameter, It is mount- 
ed upon an open work frame. This machine, which weighs but 
54 kilogrammes, furnishes a power of 100 kilogrammeters. 
The helix is formed of two helicoidol blades covered with 
Yarnished silk, and is prevented from getting out of shape 
¥ the action of steel wire stretchers. This helix, whose dia- 
Meter is 2°85 meters, is connected with the machine through | 
—. ‘ntermedium of a transmission by gearing in the propor- 
On of 5, and consequently makes 180 revolutions per mip 

ule when the bobbin is making 1,800. 
of 2 electric battery, which may be called the generator 
by e screw balloon, has the same surface of zinc and car 

0 a8 our trial battery, the same number of piles, and the 
Same volume of liquid. We have succeeded in considerably 





is connected through the intermedium of a rubber tube, 
with a large and very light ebonite pail containing the acid 
solution of bichromatic of potasb, When the pail is lifted, 
by means of a cord passing over a tackle above the level of 
the battery, the latter becomes filled (on the principle of 
communicating vessels), the liquid acts upon the zincs, and 
the current passes. But when the pail is let down, the 
liquid again enters it, through the rubber tube, and the pile 
becomes empty and ceases to work. It will be seen that 
through this system the piles communicate with each, but 
solely through narrow conduits. The resistance of the liquid 
is sufficiently ereat to prevent such communication from 
having any influence upon the discharge, although the ele- 
ments are mounted in tension. In the car of the electric 
balloon there were four batteries like that shown in Fig. 5, 
or 24 elements mounted in tension, and fed by four ebonite 
pails, cach containing 80 liters of solution of bichromate of 
potash. 

The battery is stowed away in the car (which is 19m. in 
length and 45 m. iv width) in such a way as to occupy as 
little space as possible. Two ebonite troughs, forming 12 
elements, are placed transversely at 0°35 m. from the bottom 
of the car, and the two others are fixed 0°15 m. above them. 
These troughs are placed upon wooden cross-pieces, and are 
held by wires. The ebonite reservoirs of the two posterior 
angles of the car supply the upper piles, while the two 
others, near the battery, supply the lower. Between the 
four pails, a free space is reserved for the operator, who is 
enabled to manipulate the entire apparatus himself, since 
he bas within reach the cords for raising the pails, the hooks 

| for attaching the cords, the mercurial commutator for caus- 
ing the current to pass, and the cord for manipulating the 
| rudder, 

The solution of bichromate employed fur operating the 
pile is very concentrated and very acid. It is poured into 
the pails at a temperature of about 40°, thus permitting the 
quantity of salt dissolved to be considerably increased, and 
likewise the discharge. When the 24 elements in tension 
are acting upon the motor, the effective power produced is 

100 kilogrammeters. 
} The mercurial commutator employed is arranged in such 
‘ a way as to permit, at will, the current from 6, 12, 18, or 24 





: elements to pass, so as to thus obtain four velocities of the 
i} helix. 


The four ebonite pails, forming the reservoirs, are covered 
with a solid sheet of rubber which contains « small aperture 
to allow the air to pass out when the liquid is flowing, and 
which is fastened to the pail by a gutta-percha covered 
wire running round it, This mode of closing the pails is a 
very effective one, und prevents any liquid from spurting 
out in case of shock. The empty ebonite pails, which weigh 
but 3 kilogrammes each, are strengtbened by a basket work 
that serves as a support. Cords passing over pulleys serve 
to lift them above the piles in order to fill the latter, and to 
let them down in order to empty the piles. The bottom of 
the car contains a rubber vessel to receive the liquid in case 
of accident. The pile, all charged with the liquid, weighs 
about 180 kilogrammes. 

A small willow basket, which is quite visible in our en- 
graving, is placed under the motor, and contains the oil cup 
for the latter and a small bottle of mercury for filling the 
| reservoirs of the commutator, which are hollowed out of a 
| block of wood. It contains, in addition, the tools neces- 
| sary for taking the piles apart in case of accident. All this 
| part of the car forms the rear. In front, space is reserved 
| for the ballast bags and the stoppage apparatus and for the 

person who maneuvers the latter in descending. 





Santee 


TISSANDIER'S ELECTRIC BALLOON | Our engraving, Fig. 4, which is very accurate, faithfully 


exhibits the manner in which the apparatus is stowed away 
in the car, and well shows the mode of attaching the motor. 
capacity. Fig. 5 represents one of the four batteries em- | The Siemens machine, along with the belix which it actu- 
ployed in ourelectric balloon, such as was experimented with | ates, is placed upon a walnut cross-piece. It is consoli- 
in the laboratory. It consists, as may be seen, of a large | dated by very strong wires that may be toughened by tor- 








Fie. 5.—ONE OF THE BATTERIES OF SIX ELEMENTS USED ON THE TISSANDIER ELECTRIC BALLOON. 


trough containing six compartments; and each of the latter, ; sion, and that connect the four extremities of its frame with 
forming a pile element, contains, mounted upon lead-coated | the upper and lower crosspieces of the car. During revolu- 
copper rods, 11 thin carbons, and 10 zines placed alternately | tion at high speed all jarring is prevented through this 
along side of each other. The zincs are held at their upper | mode of attachment. 
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It is extremely easy to use a machine like this in the car | 


of a balloon. When everything has been properly prepared 
before starting, there is nothing more to do but to plunge a 
smal! copper fork into the mercurial cups of the commutator 
in order to set the belix in motion. There is no fire to be 
feared, there is no change in weight that might cause the 
altitude of the aerial ship to vary, there is no manual labor 
for the operator. Nothing but electricity could have so 
well fulfilled these fundamental conditions of the aerostatic 
motor..—G. Tissandier, in La Nature. 


EXPLORATION OF CAVES BY ELECTRICITY. 

AMONG the numerous applications of electricity there is 
certainly none more curious than the one which we are now 
about to describe. Almost all grand spectacles of nature 
have, upto the present time, disappeared from view when 
night cume on to cover them with ber dark mantle; and the 
brightest moonshine has scarcely given sufficient light to 
allow such things to be admired. So, for some time back, 


it has been proposed to employ recent processes for giving | 
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very beautiful effects, are too ephemeral, and the combus- | 
tion of the chemicals composing the Bengal fire so vitiates a 
mass of air that is not often renewed as to rendera lon 
stay underground impossible. So, for making a prolonge 
excursion into the different parts of a cave, for examining | 
its galleries andchambers, and for getting an exact plan of | 
it, or for studying the constituent elements of its walls, none | 
of the means employed in modern times bas been found | 
practical, or at least sufficient. 

The installation shown in the annexed cut constitutes 
a progress of the most remarkable character. ‘Thanks to 
electricity, the light penetrates everywhere, and the remotest 
depths, which were apparently destined to remain in an 
eternal night, suddenly become resplendent with light and 
unveil to the astonished visitor marvels that bad scarcely 
been expected, and that were in some cases completely un- 
known 

Undera dome hurg with curiously entangled stalactites, 
the rays from the regulators are so arranged as to pierce the 
darkness of the galleries and variously formed arches and | 
give the fantastic place a strange brightness, the crystalliza- 





A GROTTO LIGHTED BY ELECTRICITY. 


certain picturesque places much frequented by travelers a 
new view by nigit, and certain effects that a view by day 
would scarcely bave led them to expect. 

After the numerous experiments 
nearly everywhere with a view to rendering certain sites ac- 


that have been made | 


cessible to visitors at night, it was but natural to think of | 
illuminating by the electric light such of the more import- | 
ant grottoes as could not, even in broad day light, be en-| 


tered without the use of an artificial light. Whoever has 
traversed the Pyrenees, Auvergne, and the volcanic regions 
of Italy, not to speak of more remote countries, where gi- 
gantic caves are met with, has certainly observed in his 
visits to these latter how defective are the processes used 
for illuminating them, 

The primitive torch is the light that is most usually used, 
and the smoky glimmerings of this, as well as its asphy xiat- 
ing exlalations, not only discommode tourists, but also per 
mit of but a very imperfect examination of the galleries or 
domes into which the excursion is made. In cases where 
more serious preparations have been made, Bengal or mag- 
nesium lights bave, indeed, been employed; but such pro 
cesses of lighting. although evidently capabie of producing 


tious ov the walls taking on a surprising iridescent luster, 
and the damp stratum that covers the whole being traus- 
ferred into amarvelous varnish. In the experiment shown 
in our engraving, the motive power necessary to actuate the 
dynamo machines that supply the regulators is derived from 
a water fall in the vicinity, aud is transported electrically.— 
La Lumiere Electrique. 


Ar the British Association meeting a paper by Prof. J. 
A. Ewing was read, on the magnetic susceptibity and re 
tentiveness of iron and steel. This paper was a preliminary 
notice of some results of an extended investigation which 
the author had been conducting for three years in Japan 
Experiments with annealed rods and rings of soft iron wire 
showed that that material possesses the property of reten- 
tiveness in a very bigh degree. As much as 90 and even 93 
per cent. of the induced magnetism survived the removal of 
the magnetizing force. The extraordinary spectacle was 
presented of pieces of soft iron entirely free from maguetic 
influence, nevertheless holding an amount of maguetism, 
per unit of volume, greatly exceeding what is ever held by 
permanent magnets of the best tempered steel. 





DecemBer 22, 1899. 





ON SECONDARY BATTERIES AND THE ELECTR 
CAL STORAGE OF ENERGY .* ‘ 


By Professor Otrver Lopes, M A., D.&¢, 
LECTURE I. 


THE ordinary methods of storing energy at present in use 
may be divided roughly into mechanical, chemica) d 
electrical, As an example of the first kind, we may take the 
raising of weights, which is accomplished ona large « le 
hydraulically, and is applied tothe working of cranes oa 
dock gates; another example is the coiling of springs, as r 
clocks and musical boxes. An example of a chemical ny 
age of energy is gunpowder; another is zinc or other smelted 
metal; and a third example is vegetation, wheuce arises 9) 
the energy of coal and gas engines. The charging of a Ley. 
den jar, and the decomposition of dilute acid, furnish . 
amples of electrical storage, and the explosive gases derived 
from the last mentioned operation could doubtless pe used 
to drive some form of gas-engine. ‘ 

All these methods of storing energy involve some loss, and 
many of themare accompanied with a great deal of jogs 
The advantage of being able to store energy frequently out. 
weighs the disadvantage of a considerable amount of loss of 
evergy in the process; and there are three main caseg jp 
which this occurs. 

One is when regularity and continuity of supply of energy 
is needed, and when the source of energy to be utilized js jp. 
regular and fitful. For instance, it would be convenient to 
be able to store wind or wave power, and utilize it in ap 
equable and dependable manner. 

Another case is when occasional power is needed at times 
| when the source of energyis not acting, or when a very 
| great power is required fur a short time, whereas the source 
of energy at your command bas a steady but insufficient 
power, This would be exemplified in the utilization of g 
small engine for lighting purposes. 

The third case is when the power at your disposal is go 
reat and so unutilized that the saving of even a fraction of 
t isa clear gain, no matter what becomes of the rest. This 

case frequently occurs when natural water-power is utilized, 
Processes of vegetation also utilize but a meager proportion 
of the solar :adiation, but the small proportion saved and 
stored up in the coal fields represents so much clear vain, 

The mode of electric storage which bas recently excited go 
much interest involves the use of a secondary battery, which 
may be defined as an instrument for receiving the energy of 
an electric current, and for giving it out again in the same 
form. ‘This is a case of storage without transmutation, such 
as is also accomplished in the simple operation of winding 
clock, where mechanical evergy is taken in, to be subsequent. 
ly given out in the same form. But in the electro-chemical 

ecomposition of acid, the energy of an electric current jis 
stored in such a way as to give sound, and heat, and light, 
and motion, but not an electric current under ordinary cir. 
cumstances. There is one arrangement for making the 
evolved gases directly furnish an electric current, and that is 
a true secondary battery, viz., Grove’s gas battery, or a vol- 
tameter. 

A primary battery means one in which the plates have 
been made, or prepared and rendered active, by chemical 
means; a secondary battery means one in whicb the activity 
of the plates depends upon electrical evergy baving been ‘first 
expended upon them. Any two conducting bodies, immers- 
ed in « conducting liquid able to chemically attack one of 
them more than the other, constitutes a battery; and the 
difference in the attackability of the two bodies, or ‘* plates,” 
may be caused either by making them originally of different 
materials, or else by modifying their surfaces in some way, 
permitting the main bulk of them to remain identical. 

Most run down batteries can be re-excited by forcing a 
reverse current through them, and they then become true 
secondary batteries. 

The polarization of voltameter plates was studied by 
Gautherot, Ritter, and Grove in the earlier years of the cen- 
tury; and more recently and exhaustively by Plante, who 
found that plates of lead acted extremely well, and retained 
their energy for a long time. 

The gus battery consists of two similar platinum plates, 
one soaked, or coated, or alloyed, with hydrogen, the other 
with oxygen. But the quantity of oxygen which platinum 
can store up is very minute; the advantage of using a meial 
actually oxidizable is manifest. Platinum, and still more 
palladium, have considerable holding power for hydrogen, 
but by the use of a salt or an oxide as a recipient of the hydro 
gen a far greater amount of reversible action can be stored 
up than by attempting to store up the hydrogen itself by any 
power of occlusion, 

A Plante cell, from the beginning, furnishes an oxidizable 
plate on the positive side, but its negative plate has at first 
no practical occluding power for hydrogen. 

Reversing a once charged Plante cell, however, we get 
metallic lead for the oxidizable plate, and an already oxidiz 
ed, and therefore reducible, plate to receive the bydrogen; 
the oxide gradually being reduced to metallic lead, of a por 
ous Or spongy consistency. By many reversals of this kind, 
Plante ‘‘ formed ” his cells, until the lead plates were deeply 
acted on, and a considerable storage capacity obtained. 

The modification of Faure consisted in providing both a0 
oxidizable and reducible porous material from the very first 
by coating the plates with minium or litharge. The plates 
could then be peroxidized, and reduced respectively ‘4 
considerable depth, without any tedious process of ‘* forma 
tion.” A considerable storage capacity was thus obtained, 
but difficulties presented themselves connected with the aé- 
hesion of the coatings to the plates, and these were not £0 
over unti! perforated plates were employed to hold the 4 
plied substances. Perforated plates, by rendering unnece* 
‘sary any jacket of cloth or felt to keep the coating on, ant 

by thus permitting a free circulation of the liquid, no doub! 
are a considerable improvement; and cells, as now made, 
often work extremely well; at the same time aluyer of uth 
form thickness spread all over the plate, and not locally dit 
tributed in a non-homogeneous matiner, would seem tleorél- 
ically to be preferable, if the practical difficulties connect 

| with sucha uniformly spread layer had not seemed to 
great. Plates made in the old manner did not safely bet 
transport and rough usage, and a film of insulating sulphate 
of lead was apt sometimes to creep between the metallic] 
and the peroxide coating, and to destroy all electrical co® 
nection between them over large patches, 

The process of manufacture, as now carried on, is_ bert 
illustrated by a number of specimens of plates in «ifferet! 
stages, kindly lent for the purpose by the Electrical Powe 
Company, of Millwail. 

_ The first operation is the casting of the lead grid, th 
holes in the plate being from 14 in. to 3g in. square. 





| # Two lectures delivered before the Society of Arts, London, May, 188 
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positive grid is made a little thicker than that which is to be 
the negative, for reasons which will shortly appear. The 
thickness of the grids at present most employed are, positive 
¥4 in. to } in.; negative yy in. to }4 in.; and they are made 
{n two sizes, one Thy in. by 544 in., the other 9 in. by 10 in. ; 
the former being used in the small or “‘balf horse-power” 
poxes, the larger plate being used in all other sizes, it — 
found more convenient to vary the number of plates in ace 
than tobave in stock a number of dfferent sized plates. 
The weights of the formed plates are, small size negative, 15 
oz,; small size positive, 21 oz.; large size negative, 50 oz. ; 
large size positive, 70 oz., about. 

The next operation is the — of the grids with a paste 
of oxide of lead mixed witb dilute sulphuric acid. The 
negative plates are filled with litharge, PbO, the positive 
with minium, Pb,O,, since there isan evident economy in 
having to reduce only the lower oxide, and to peroxidize 
only the higher one. : 

The plates are then taken to be *‘ formed” by the electric 

current, for which purpose*they are — alternately in 
square stoneware jars filled up with dilute sulphuric acid, 
and a current of about two or three amperes per pair of 
plates supplied. At the first instant of immersion in acid, 
a darkening of the minium occurred, owing to a partial for- 
mation of peroxide in it by the action of the acid; and this 
darkening continues, under the influence of the nascent oxy- 
gen liberated by the current, until the whole of the composi- 
tion is converted into peroxide. The litharge is, on the 
other hand, gradually reduced to metallic lead by the action 
of the nascent hydrogen produced by the current, the re- 
duced lead having a slightly porous or spongy consist- 
ency. 
No gas is evolved from the cells for some time; it is all 
consumed in effecting these chemical changes. 
ute oxygen bubbles do, however, make their appearance on 
the positive plate, much of it beingin the form of ozone. 
Ultimately, as the surface of the positive plate gets peroxi- 
dized over, a good deal of oxygen escapes, andit is only 
after a long-continued current that, the portions of minium 
in the interior get acted upon. In time, all the minium 
isattacked, however deeply buried; the reason being that 
less E.M.F. is needed to send the current to an oxidizable 
substance than to saturated peroxide. 

The reduction of the litharge isa somewhat slower pro- 
cess, but, the plates being thinner, it is accomplished in ap- 
proximately the same time, which may be taken as between 
three days and a week. When the process is approaching 
completion, torrents of both kinds of gas rise from their re- 
spective plates. The plates are then removed from the 
forming pot, rinsed plentifully with water to remove the ex- 
cess of acid, and then stacked till wanted. Unless the rins- 
ing operation is carried out, the spongy lead plates are 
found to heat a reason of the acid in their 
pores combining with the lead. 

In order to keep the plates from touching each other when 
subsequently used in battery cells, various devices have been 
tried. The one now most in favor is to punch out the com- 
position from a tolerable number of the holes of each nega- 
tive plate, and to insert instead a block of vulcanized India- 
rubber in each. These plugs project nearly a quarter of an 
inch on either side the face of the plate, and effectual] 
prevent the adjacent positive from coming into contact with 
it. 

Another matter which has given some trouble to determine 
is the best method of connecting the plates together. All 
the positive and all the negative plates in a cell have to be 
electrically connected in the most complete and permanent 
manner. Clips and clamps of various kinds have been tried; 
but, to guard against ull possibility of corroded surfaces 
and imperfect connection, it is now thought wise always to 
use solder, whether in combination with screw clamps, or 
otherwise, and to protect the joint from the action of acid 
spray by a varnish, or by a mass of paraffin. It is curious 
to notice how persisteutly the junctions of the + plates tend 
to corrode, showing how the oxidizing action creeps up liquid 
films on the lugs. 

When the plates are to be used, they are packed alternate- 
ly in glass or ebonite boxes, the India rubber plugs keeping 
them apart, and wooden supports keeping them off the bot- 
tom of the cell. Their lugs are connected together, and the 
box is filled with dilute sulphuric acid, say, of specific grav- 
ity 1100 or 1:150. A charging current is then supplied, soas 
to freshen up the plates, and they are then discharged, and 
charged up again once or twice, to bring them into good con- 
dition. It is not a good plan to discharge them too complete- 
ly, nor to let them remain idle for very long together; 
neither should they be charged or a too rapidly, so 
as to heat them above a gentle warmth. The more regularly 
they are worked—as, for instance, when they receive a charge 
every day and discharge every evening—the better they be- 
have. Regularly. and carefully worked cells will keep in 
good order for a very long time; but if they remainidle for 
weeks together, some of the plates are apt to warp, and 
otherwise give trouble and require attention. They must 
not be over-charged very excessively either. When full, 
they indicate the fact by evolving a good deal of gas, and it 
is best not to continue the charging power much longer when 
this stage is fully reached, partly because nearly all the 
ckarge then put in is wasted, but principally because a little 
of the oxygen is absorbed by the lead of the grid, and it 
therefore gets slowly peroxidized, so that, after a sufficient 
lapse of time, it may get actually eaten through, and the 
plate become friable. When a plate has got into this state, 
the only plan seems to be to melt it down with a flux, and 
recover the lead. But the complete peroxidation of a plate 
by overcharging is a work of time, by far the greater quan- 
tity of gas being harmlessly, though wastefully, set free; and 


it is not necessary to be alarmed at a slight evolution of gas | 


which usually goes on from the positive plate when being 
charged, more especially as the cell is getting full. Alarm at 
the appearance of bubbles may lead to the cell never being 
properly filled up, in which case the battery will fail to work 
satisfactorily, 

The number of plates which are packed into each box de- 
pends entirely upon the size of the box, and it is in this way 
that the different sized cells are construcied, not by varying 
the size of the plates; except that the smallest cells are made 
with half-sized plates. 

_ Taking the full-sized )Nates, we may reckon that each pair 
is able easily to receive and give out electricity at the rate of 
4 amperes per pair. This of course reckons both faces of 


hour per pair of plates. Consequently, a box which is to 
give 1 horse-power-hour should contuin 12 pair of plates; a 

horse-power box 24 pair, and so on. But each box will 
not a give a horse-power for an hour, it will rather give 
an eighth of a horse-power for 8 hours. If a horse-power is 
wanted, all you need do is to take 8 cells, and then they will 
give you a borse-power and will last 8 hours; 16 cells will 
give 2 horse-power for the same time, and so on. By draw- 
ing off the power more slowly, the discharge will last longer, 
and it is more economical thus to work, except as regards 
first cost of batteries. This latter itemit is which usually 
causes them to be called upon to exert power up to their 
maximum reasonable capacity. It is true that a cell will 
give a much higher power for a short time if called upon— 
thus a single cell might possibly be made to give a_horse- 

wer, but then it would not last out its proportionate time. 

have found some cells,which I discharged at a very moder- 
ate rate, continue discharging an extraordinary time, and 
give out sometimes even more than was put in, which of 
course means that the effect of previous charges was being 
drawn upon. 

When a cell which is being rapidly discharged bas appar- 
ently run completely down a few minutes’ rest will suffice 
to recover it alittle; and after an hour or two’srest a cell 
will commonly have recovered sufficiently to enable it to dis- 
| charge with something of its old vigor for a period compar- 
|able with that of the rest. This recuperative power of the 
| cells is in some respects advantageous, but, on the whole, it 
| would be better if they gave out the whole of their energy 

continuously without needing intervals for refreshment. 
| The more slowly a cell is discharged, the less noticeable is 
this temporary falling off and subsequent recovery. 

When a cell has run down, it is interesting to examine 





| the positive plate, the negative plate, or the acid. Some- 
enough acid present; the free acid is absorbed by the lead, 
and only water is left. The specific gravity of the acid may 
however be easily watched by floating a little hydrometer in 
the cell. More frequently the negative plate is the first to 
fall off; as may be shown by removing it and inserting a 
fresh one, when the cell will go on again. The cause of 
this, and of several other peculiarities observed in batteries, 
may be readily made out by experiments on a small scale, on 
| two little plain lead strips, held in a convenient clamp, and 
| immersed in dilute acid. 

To a pair of such strips of sheet lead supply a current, 
from a couple of Groves, say, for half an hour or so. The 
positive plate is seen to become coated with a puce layer 
which gradually darkens to black. The other plate seems 
|unchanged. Gas is evolved from both plates. On now 





| times, especially in cells too crowded with plates, there is not | 


rising, since the zinc naturally causes nascent hydrogen to 
be liberated on the plate, just the same as a current would; 
but the quick and prompt action of the merest scrap of zinc 
is somewhat ee oie some practical appiication of the 
fact would seem to ossible. 

Instead of a plain lead plate, lead sponge may be em- 
loyed for the negutive plate, such as is made by Watt, of 
Estorpenh, by blowing bigh pressure steatn through a jet of 
molten lead, or such as Mr. Desmond Fitzgerald has brought 
me here, made in some other way. The enormous surface 
of this spongy lead enables it to go on acting for a much 
longer time than plain lead, without being stopped apprecia- 
bly by a scum. is effect is due to the extent of surface, 
and it appears to be owing to a sort of potential hydrogena- 
tion caused by the ability of acid to altack spongy lead, or 
any metal in a fine state of division, more easily than when 
massive; and the sulphate of lead formed, though it certainly 
clogs up the pores, is not readily able to form a continuous 
protecting film. 

A thin coat of peroxide formed on a lead plate rapidly be- 
comes lighter in color when the current is stopped, being 
evidently reduced to a lower oxide by local action with the 
|lead underneath. When the coat is very thin, the changes 
| go on so rapidly that, by quickly pressing the yay bat- 
tery key down and up. flashes of peroxide appear and disap- 
pear on the surface. It is by this local action effect, no doubt, 
that peroxidation eats deeper nnd deeper into metallic lead, 
for otherwise, as soon asa complete layer of peroxide was 
once formed, all subsequent gas would be given off from its 
surface (it being a conductor), and the lead beneath would be 
protected. 

The local action proclivity between lead and peroxide has 
two unpleasant consequences, however; one is that the per- 








A few min- | which of its three constituents is the one that has failed;| oxide gradually disappears on long standing, and the cell 


| thus loses its charge; the other is that the metallic lead of 

the plate gets gradually eaten into and corroded away. These 
| two results are modified in practice by the fact that, whereas 
| local action destroys the peroxidation of thin films in an in- 
| stant, in the deeper layers of thick films it goes on very slow- 
ly, —_ because fresh acid cannot so easily penetrate, but 
principally because the sulpbate and Jower oxides formed, 
being non-conductors, exert a clogging and protective ac- 
tion. 

Instead of using a lead negative plate, a copper plate may 
be used and will give a strong and lasting current. — It lasts, 
of course, becnuse copper sulphate is soluble, and no insu- 
lating scum is formed; but that this Sutton cell has a fairly 

high E.M.F. is a striking proof of the value of peroxide of 
| lead as the electro-negative element of a batiery. 

| Even platinum gives a current when opposed to peroxide 
| of lead, though of course it isa feeble one. But if zinc is 


| connecting them with an electric bell, it will ring for a min- | used, we have the strongest practicable battery I know, each 
Now recharge, but this time, instead of dis- | cell having an E.M.F. of 24¢ volts. 


ute or more, 
LECTURE II. 


charging the cell, remove the negative plate, and insert in- | 
| stead a bit of clean lead, the same in appearance as the one | 

? J I must now say a few words about the methods and instru- 
discharge the cell; it will only ring the bell for about two)! ments for practically measuring the various quantities in- 


against which hydrogen has been so long liberated, and then | 
seconds. Depress the plain lead plate further into the acid, 


more strokes. Remove this plate altogether, and reinsert 
the hydrogenized plate which had been used for charging 
the cell, and the bell rings vigorously for as long a time as it 
did in the first experiment, showing that the peroxide 


hydrogen bas modified the lead in some way or other. 
The natural supposition is that the lead has occluded hydro- 
n, but Dr. Frankland has shown that, if such hydrogenized 
fead be melted down,-it gives off no hydrogen worth men- 
tioning. It is not easy to see wherein the change consists. 
Under the microscope, the hydrogenized plate looks a little 


The fact, however, is certain, that it behaves in a very dif- 
ferent manner to plain lead, and that it retains this singular 


rinsed. 
To avoid misunderstanding, it might bave been well to 
| state earlier that I use the term ‘‘ positive plate” to signif 
that at which the charging current enters, and from whic 
the discharge current leaves, It is that one whose terminal 
is colored red in the cells of commerce, 


thelatter is to act as a geverator or a motor. I make no dis- 
tinction between positive plate and positive pole, because all 
such distinctions end in confusion. 

The plain lead plate, which refused to give a current when 
opposed to peroxide, did not fail because of its high position 
| in the electro-chemical series, as may be proved by opposing 

it to the hydrogenized plate, when it is equally inert; it fails 
| simply and solely on account of a film of some non-conduct- 

ing substance which spreads over its surface the instant it is 
| used as one electrode of a battery, the substance appearing 
| to be sulphate of lead. The internal resistance of the cell 
| thus becontes enormous, and the current cexses, On stand- 
ing idle for a time, the film bas a chance of clearing off— 
though from a plain lead plate I do not notice much tenden- 
cy to clear—or it may be wiped off with a cloth at once; 
but a fresh film speedily forms. If amalgamated lead be 
used, the white scum can be sven, and it sometimes drops 
off in a filmy sheet. One remarkable way of instantly clear- 





scrap of amalgamated zine. The effect is magical; the scum 
vanishes, and the bell again rings for several seconds after 
the zinc has been removed. So long as the zinc is present 
the current will continue, until indeed the positive plate be- 
comes exhausted. 

To examine whether the positive plate also exhibits the 
temporary falling off, and to eliminate the concurrent action 
of the negative, the best plan is to use a piece of amalgamated 
zine for the latter; for since sulpbate of zine is soluble, it re- 
mains perfectly clear, and oll variation is traceable at once 
to the behavior of the positive. Under these circumstances, 
| the cell, if rapidly discharged, does show a slight recupera- 

tive power, recovering somewhat on standing. So far as I 
can make out, this appears to be mainly due to a temporary 
| exhaustion of the acid close to the surface and in the pores 
| of the peroxide, so that the power falls until, by rapid diffu- 
| Sion, the absolved acid has been replenished. he insulating 
scum of sulphate on the negative plate is, however, by far 
bee most powerful cause of the ordinary running dowu of a 
| cell, 





| When we come to try the hydrogenized plate employed in | 


so as to expose a fresh surface, and the bell will give a few | 


plate is perfectly vigorous, and showing also that the nascent | 


darker than the plain plate, but no real porosity is noticeable. | 


power long after it has been removed from tbe liquid and | 


It is that which | 
must be joined to the + pole of a magneto-machine, whether | 


ing off the scum is to touch the lead under the liquid with a | 


volved in the storage of energy by secondary batteries. We 
need current or ampere-meters, potential or volt-meters, 
| quantity or coulomb-meters, and energy or erg-meters, The 
well-known dead-beat am-meters and volt-meters of Profess- 
|ors Ayrton and Perry are exceedingly convenient instru- 
ments, especially the former; the only objection to them is 
the frequent calibration they require, because their perma- 
/nent maguet changes in strength. When portability is not 
essential, I find a high resistance galvanometer, of the form 
known on the Continent asthe ‘‘ Wiedemann,” a most accu- 
rate and convenient volt-meter. The needle has a thick 
|copper damper, which makes it almost dead beat, and a 
resistance of 30,000 ohms or so has to be added to the circuit 
in order to bring the deflection given by one cell within 
moderate range. Itthus taps off ap absolutely infinitesimal 
fraction of the current. 

The deflections are immediately interpreted by observing, 
al the same time, the reading produced by a couple of com- 
mon Daniell cells in series, each of these being assumed to be 
1°12 volts. There is a trifle of uncertainty about the absolute 
E.M F. of even a freshly set up Duniell, and this uocertain- 
| ty will continue until an authoritative standard of E.M.F, 
is issued by the British Association Standards Committee; 
but in variations in E,M.F., one-thousandth part of the whole 
cap be readily detected; and a sensitive volia-meter is some- 
what important, if fouling cells are tu be detected in their 
early stages, and before the cell is seriously injured. 

Asa meter for the quantity of electricity supplied or with- 
drawn to the cells, I use a large osnper drum, suspended in 
sulphate of copper on the end of a balance arm, in such a 
way that itcan be weighed at any moment without withdraw- 
ing it from the solution. Contact is easily made with it by 
means of mereury, and itis surrounded with a larger cylin- 
der of copper, to act as the other pole. Allowing for the 
buoyancy of the solution in which it is weighed, every 
gramme increase or diminution of the drum means 1°04 
ampere-hours put into or taken out of the cells. Frequent 
weighings of the drum enable one to get a very good idea of 
the cells as regards charge, and they keep an accurate record 
of the loss, or discrepancy between the charge and discharge 
quantity. 
| A copper drum coulomb-meter may also be made floating, 
so as to indicate by its height the quantity of electricity 
which has passed through. If such a vertical-moving quan- 
tity indicator carries .asbeet of sensitized paper, on which 
the horizontal moving spot of light from a volt-meter records 
| a trace. the arrangement will give an indicator diagram of the 
charge and discharge precisely analogous to the indicator 
diagram for the steam engine, except that the area inclosed 
by the curve represents tbe loss of work instead of the 
balance of useful work. The useful work is indicated by the 
area between the discharge curve and the two straight lines 
of reference. 

Many plans can be devised for combining the two traces, 
the quantity and the E.M.F., at right angles to one another 
and the continued use of some such instrument would, I 
believe, assist in detecting the peculiarities of cells, and in 


| improving their manufacture and system of treatment, al- 


most to the same extent as the indicator throws light on the 
peculiarities of different steam-engines. But even without 
such an instrument for automatically constructing the dia- 
grams, a curve plotted in this way (with quantily for abscissa 
and E.M.F. for ordinate) is the readiest mode of exhibitin 
the results of measurement taken with ordinary meters, an 


each plate as active. Th's process may be continued for, ; charging the cell, instead of the plain plate, we find that it making the value of the cell manifest at a glance. 


say, 8 hours on the average, consequently the stora: 


ity of a cell is 82 ampere hours per pair of plates. 
F, of discharge is as nearly as possible 2 volts; consequently 


tota 
for 8hours, or 170,000 foot-pounds; which may be also, 
though clumsily, expressed as one-twelfth of a horse-power- 


capac- | also ceases to act before the positive is exhausted, though it | 
he E.M. |is able to go on for a considerable time; it ultimately ac-| Dr. H : 
On standing, the scum clears off partially, | meter, it is easily intelligible, and may come into general 


| quires a scum. 


the pores of a cell is 8 watts per pair of plates; and the and the cell recovers. A piece of zinc made to touch the|use. But at the present, 
available energy per pair of plates, when full, is8 watts | plate under the liquid clears it, and in a short time restores | hence it is not so directly applicable to secondary batteries; 
t to its original power, having precisely the same effect as a | it would add up both char; 

| The fact is not sur- + ous record, drawing no di 


reapplication of the charging current, 


A highly ingenious quantity-meter bas been devised by 
kinson, and since it indicates precisely like a gas- 


believe, it only works one way, 


and discharge in one continu- 
between The sim- 
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plest power or watt-meter is the Siemeus dynamometer, ar- 
ranged with one series and one shunt-coil; und it indicates 
at any instant the _ which is being supplied or with- 
drawn from the cells, 

An erg-meter, or energy-integrator, can be made in various 
forms. The owe 1 have here to show is Ayrton and Perry's 
modification of an eight day clock. They substitute a fine 
coil of wire for the bob of the pendulum, and surround this 
with another larger and thick coil. A current sent in the 
same direction round two nearly concentric coils, causes the 
smaller one to move to the center of the large one. Thus, if 
the pendulum is oscillating, and the clock keeping good 
time, a current sent round the two coils will cause the clock 
cither to gain or lose, according as the currents are opposed 
or agree in direction. If the two coils are both in series in 
the circuit, the gain or loss of the clock will indicate the 
coulombs passed through. But if the small fine coil is a 
shunt, while the other is a series, the force acting on the 
bob will be a function of the power, and the gain or loss of 
the clock will indicate the energy in some more or less ar- 
bitrary way, which can be made simple proportion by em- 
pirically adjusting the relations among the parts. 

To determine the internal resistance of a battery cell, or 
of a whole battery, the plan is to measure its electromotive 
force when driving two different strengths of current, as 
different as possible and both known. One strength of cur- 
rent is most conveniently zero; the other must be measured, 
say, by an am-meter in thecircuit. A volt-meter, such as 
the higi resistance Wiedemann, is connected to the termi 
nals of the battery, and read. Its indication will be a scrap 
higher if the current was being supplied by the cells, but 
lower if the current was being supplied to them. The dif- 
ference of the indication of the volt-meter, when a current 
is passing, and when no current is passing, is proportioned 
to the resistance of the battery, and for a secondary battery 
cell in good order, the difference is surprisingly small, so 
much so that an ordinary volt-meter will often fail to detect 
it. To get the resistance of the battery in ohms, you must 
divide the difference in the readings of the volt-meter (in- 
terpreted into volts) by the strength of the current passing in 
the main circuit, reckoned in amperes. A moment’s inter- 
ruption is sufficient with a good dead-beat volt-meter, and 
the current may be immediately switched on again before 
the disturbance in the circuit has bad time to show itself, 
except indeed where the current is being used for lighting 


purposes, in which case no tricks may be played unless | 


there are several batteries in multiple are, and one of them 
can be disconnected without detriment, This, indeed, is a 
good plan of connecting batteries, as it allows measure- 
ments, examinations, and repairs to go on while the current 
is being used, The resistance of one of the small sized 
(half borse-power-hour) cells with nine pair of plates ave- 
rages 0002 ohm. Large cells have a still lower resistance, 
of course, and it is to this extremely low internal resistance 
that the secondary battery owes much of its great practical 
value. The current from an ordinary Grove's battery is by 
no means proportionate to the external resistance of the cir- 
cuit unless this is high; in other words, the driving power 
of a cell, or the difference of potential between its terminals 
falls off greatly when strong currents are demanded. But a 
secondary battery, from its enormous area of surface, not 
only gives a higher E.M.F. than a Grove ever does, but it 
keeps this two volts difference of potential between its 
terminals for pretty nearly any reasonable strength of cur 
rent. Hence the current does within wide limits vary with 
the external resistance, and the current which such a cell 
will drive through a piece of thick copper wire is simply 
tremendous. 

I must now say a few words about the uses to which sec- 
ondary batteries can be applied; and, first of all, for gene- 
ral laboratory purposes they are invaluable. A small gas- 
engine and shunt-dynamo are necessary to charge them up 
occasionally, but they then retain their charge for days or 
weeks, according to the demand made upon them, and they 
are ready at any moment to produce a current, strong or 
weak, according to wish. They thus save u« deal of trouble 
in setting up Grove batteries, and, moreover, the current 
they give is much steadier, for unless they are run to near 
their falling-off point, their E.M.F. continues very constant, 

- and no compunction is felt at leaving ‘(hem connected up to 
the circuit for a long time together—for such a time as 
would make Grove-cells heat violently and boil over. When 
they are run down, a few days’ charging replenishes them 
again. 

As regards durability, the cells repay cleanliness and at- 
tention, I mount them in front of a window, on a slab of 
thick glass raised above the bench; one can then see all over 
and through them, the light being reflected from below the 
glass slab by an inclined bit of looking-glass which can be 
moved about. It ought also to be possible to get on both 
sides of the bench, so as to be able to detect and remove 
any attempt at contact between the plates of a cell. 

if a lump of composition tumble out and bridge across 
from one plate to the next, it can be removed with a paper- 
knife, Plenty of light, easy access, and clear vision through 
between the plates of each cell are highly desirable. The 
glass cells and the slab should also be kept clean, and free 
from acid splashes aud spray, for all this moisture promotes 
leakage, and causes the cells to lose their charge more rap- 
idly than they would by ordinary and unavoidable local 
action. 

When cells are stowed away in dirty dark cellars, on 
wooden shelves, like wine botties, the leakage must often 
be considerable, and the cells may get into any state of dila 
pidation without detection, or attempt at remedy. A light 
attic, or glass house, with crockery slabs at a convenient 
height, is a much more suitable place for secondary bat- 
teries than a wine cellar. 

It is important to be able to detect an incipient flaw in a 
cell before it has had time to damage the cell perceptibly. 
A sensitive voli-meter may do this, but an ordinary one will 
not show any difference for a long time, and if the cell is in 
series with others, as soon as it begins to run down in 
E.M.F. the others rush it down to, and past zero, and be- 
gin to charge it up wrong way. This reversal is very bad 
for a cell, besides its very weakening effect upon the main 
current, It is very important to keep all the cells of a series 
as exactly alike as possible. A bad short circuit often causes 
a hissing noise which can be heard with a stethoscope ap- 
plied to the cell, even when it is vot loud enough to call 
your attention, as it sometimes is. But the most delicate 
detecter of an incipient short circuit is the thermometer. 


| with an internal 


|is getting ful 


from the acid spray which collects on them, and they may 
also be recoated with paraffin and shellac. This acid spray 
is thrown up | the bubbles of gas which rise when the cell 

. The bydrogen bubbles throw up largish 


' machine is needed to give a current of one ampere, bu 


| globules, which bound two or three inches into the air, and | 


fall all over the slab and terminals; but when hydrogen 
comes off freely, the cell is commonly quite full. The 
oxygen, which comes off slightly during the greater part of 
the charging, throws up much more minute globules, which 
float about as an acid spray, very irritating to the nostrils 
and very provocative of leakage. The spray may be greatly 
diminished by alayer of oil spread over the surface, in 
which the bubbles collect and break in a different way, and 
it also checks evaporation; but the oil introduces difficulties 
of its own when the plates have to be lifted out of the cell, 
though indeed it may be first flooded off. The contacts of 


‘the positive plates are very apt to be corroded by the spray 


| 


and creeping film, together with the peroxidizing action of 
the current crawling up wet lugs, and they require occa- 
sional attention. Unless absolute uniformity of contact is 
secured, some of the plates will take nearly all the current 


—_—— 


outrageously large, and a clear ration « t not 
a millimeter will enable 4,000 volte EMF to te obtal = 
No great horse-power is here represented, but it would be 
transmitted by a well insulated wire with very smali jo ‘ 

In using a waterfall running continuously tolight a onan 
for, say, eigbt hours, batteries are evidently desir; ble 
Three sets might be used, each charging for eight hou 


| one or other of them always charging, and two of them dis 


jand get peroxidized to pieces, while the others are nearly | 


idle. 

I use pans of very dilute ammonia, or perforated boxes of 
carbonate, to neutralize the acid spray. The atmosphere is 
then much improved, and instead of acid films, white crusts 
of ammonia sulphate collect, which are less harmful, and 
may be cleared off. Another precaution is always to keep 
the cells filled with acid above the level of the plates, so that 
they are completely immersed, else the part above the liquid 
will be exposed to the influence of non-concentrated acid, 
from the evaporation of the water out of the acid film cov- 
ering it. It is important to remember that al] these exposed 
layers of acid are likely to become pretty concentrated, and 
hence that they may be expected to corrode more rapidly 
than the mass of the solution. 

Another advisable precaution is to stir or agitate the liquid 
occasionally, more particularly during charging. The bub- 
bles of gas, fortunately, do this to some extent, if the cells 
are well filled up electrically; but if no such agitation is 


| 


excited, the acid at the bottom of the cell is apt to become | 


very much more concentrated than that at the top. Not that 
gravity is able to pull down strong acid out of once thorough- 
ly mixed dilute acid. Gravity cannot undo diffusion like 
this. But it is the acid freshly formed during recharging, 
by decomposition of the sulphate of lead on both plates—it 
is this acid which falls to the bottom and accumulates there, 
frequently corroding the bottoms of the plates. 

One great advantage of the present cells over the old 
flannel-swathed Faure, is that they permit free circulation 
of the liquid. To make the cells answer various laboratory 
requirements, I have a sort of resistance-box, made with un- 
covered spirals of German silver wire, in a stoneware water 
trough, so that the wires do not melt, and I can then throw 
in any resistance from a quarter ohm upward, otherwise 
the current would be frequently too strong. For working 
a Serrin lamp no extra resistance is necessary, and from 
eighteen to twenty-two cells work it admirably. Even when 
one drives the lamp direct from the dynamo, the battery is 
still connected as a shunt circuit, to act as a regulator and 
steady the current. Moreover, it has the great advantage of 
preventing the engine from racing away when one puts out 
the lamp. A well governed engine, of course, ought not to 
do this in any case, but | have not found a gas engine behave 
well when work is thrown on and off it in such an irregular 
and fitful manner as a lamp is commonly used in a lecture. 
It is much better for it to be pumping into the cells when- 
ever the lamp is put out. Moreover, one can get a far more 
powerful current through the lamp iv this way than from a 
small dynamo direct. Another advantage of having the 
battery connected is, that it will not permit the locking of 
the carbons, and thus the short circuiting of the field mag- 
nets of the shunt dynamo, which is a vot infrequent occur- 
rence when a shunt dynamo alone is used to feed an are 
lamp. 

If, however, only a regulator is wanted, and not a store of 
energy, a set of zine and lead plates can be easily arranged 
which will do all that is wanted in the way of regulation ; 
and as the lead gets gradually more aud more ‘* formed,” the 
battery will gradually acquire more and more actual storage 
capacity. The cells were very useful once when the gas- 
engine was being repaired. [| took the dynamo over to a 
neighboring steam-engine, avd laid its comparatively full 
current with spans of common wire to the battery. From 
the battery thus charged, the powerful occasional currents 
needed for some magnetic researches then going on were 
readily obtained. 
dynamo would have necessitated the use of very thick and 
expensive cable, and would in fact have seriously damaged 
its armature, 

The battery thus acted as a transmuter of weak currents 
into strong ones, and this illustrates on a small scale one of 
its very important future functions, viz., a receiver of 
energy transmitted from a distance, as Sir Wm. Thomson 
has pointed out. Currents generated at a distant station, to 
be conveyed to a distance, ought not to be strong; they 
ought to be feeble currents ata high potential. They can 
be received by a great number of batteries in series, and the 
batteries so charged can be used for any local purposes, and 
made to give any reasonable desired current by altering 
their connections. Moreover, they can be coupled up to a 
number of independent circuits, so that irregularities in one 
shall not interfere withthe others. The great advantage of 
a set of batteries as a receiver, over a set of dynamos in 
series, is that the latter would need such a high internal 
resistance to give the necessary back E.M.F., whereas a 
battery, even of small cells, can give 1,000 volts E_M.F., 
resistance of only 2 ohms Hence the 
waste in heating the receiveris next to nothing. There is 
another kind of waste, no doubt, for the work got out of a 
battery can never be anything like that put in. The E.M.F. 
of charge is about 2°3 or even 2°4 volts, while that of dis- 
charge is scarcely above 2; besides this, there is a slight 
loss or discrepancy between the quantity supplied and that 
afterward withdrawn, Notwithstanding this waste, they 
must come into use when made in a satisfactory and quite 
dependable manner, for their great convenience and steadi- 
ness, 
wind-power, as | doubt not it often will be, waste- becomes 
of secondary importance, and a convenient 
storing is the first consideration. 

So plainly is high E.M.F. pointed at as the requisite for 


All the cells heat by their proper current, but any abnormal | the economical transmission of energy, that I cannot help 
action going on in a cell, whether it be short current or | thinking that, in some cases, a use will be found for electro- 


local action, or any other dissipation of energy, must result} static machines as generators instead of dynamos. 


Not 


in heat, and the thermometer is the natural detecter of this. | exactly a Holtz machine—which has a high internal resist 
Any cell warmer than the others should be examined, and : 
set right, or else replaced. 

The lugs and contacts should be wiped clean occasionally 


| 





ance, and must dissipate energy, from its use of non-con- 
ductors and sparking intervals—but some gigantic form of 
Thompson's replenisher with metallic contacts. A large 


charging during tbe eight hours the light 
two sets would be sufficient if the water-power itself could 
be used for lighting direct. But the use of three sets t 
batteries would enable a reasonably distant waterfall to 
used, and would, for the eight hours the light is needed a. 
an actually greater horse-power than the fall itself pes. 
sesses, 

For locomotion in cases where the current cannot casily 
be supplied to the moving carriage by metallic conduction 
as in tram-cars on common streets, batteries carried by the 
tram-car afford an obvious, and, moreover, an economical 
form of motive power. It is sincerely to be hoped that elee- 
tric tram-cars may speedily come to perfection, and that the 
excessive wear and tear of horseflesb in this monotonoug 
and severe labor may be checked. 

{A numberof motors were exhibited, some lent by the 
Electrical Power Storage Company, and some by Professors 
Ayrton and Perry. ‘A De Meritens motor, driven by 1g 
storage cells, was used to drive a small Siemens dynamo by 
a strap, the current from this being used to drive another 
motor, which worked a lathe, or was used to light four small 
Swen lamps. A Pilsen arc-lamp was shown, working very 
steadily with the current from the battery, and a number of 
Swan lamps were also excited, so as to show how entirely 
any one was unaffected by the turning out of the others 
a battery behaving in this respect like a very good com. 
pound wound dynamo. Diagrams of the mode of connect. 
ing up cells and dynamos for transmission or power and 
curves representing the charge and discharge of cells, ag 
tested by Dr. Hopkinson and Messrs. Ayrton and Perry 
were also exhibited, but it is thought unnecessary to repro- 
duce them here. ] 

For driving boats electrically, secondary batteries are ob- 
viously necessary, because the laying on of a current bya 
wire is not only inconvenient but impossible. The storage 
cells will act as ballast, and can be charged while the boat 


is required, Or 


|ismoored. For swift short voyages, and for pleasure vessels, 


To bring such currents from the distant | 


And when the power at the distant station is water or | 


method of | 





nothing better than electrical propulsion is likely to be de- 
vised. For long voyages and big ships, the weight of second- 
ary batteries would need all the floating power the ship 
possesses, and perhaps more. The energy consumed in 
propelling the present Atlantic liners is something almost 
incredible. 

When motors are driven by secondary batteries with ve 
short connecting wire, the question arises, Is high EMF 
still desirable, as it is when transmission across great dis- 
tances is concerned, or may powerful currents be now used 
with advantage? The answer is that, neglecting the resist- 
ance of battery and connecting wires, there is neither gain 
nor loss in using powerful currents, provided the dynamo is 
properly wound, and has brushes that will not burn up. 

But if we do not neglect the resistance of the batteries— 
a thing we have no right whatever to do—the answer is, 
that high E.M.F. is of very great advantage. A large 
number of cells in series, driving a high E.M.F. dynamo 
at its highest possible speed, and with as small a current as 
is needed for the power, is by far the most economical 
arrangement. Now, a screw for a ship has always needed a 
higb speed for economy, and in the old days gearing used 
to be employed between the steam-engine and the screw, 
because no high speed engine was sufficiently economical. 
I understand that slow engines are still the best, but the 
disadvantages of gearing are so great that high-speed direct- 
acting engines are always used. But a high speed is absolu- 
tely essential to economy in an electric motor, and no screw, 
as ordinarily made, would work at such a speed ; consequent- 
ly there is a temptation to use gearing the other way, and 
to gear down the dynamo to suit the screw. I hope the 
attempt will be resisted, and high-speed screws made of 
small size, smooth surfaces, and low pitch, so that the electric 
motor axle may be coupled direct to the screw shaft. The 
direct rotatory action of a dynamo used 4s a motor, as op. 
posed to the oscillating action of a steam-engine, is a great 
simplifier of mechanism, and will be found extremely con- 
venient. 

For ail kinds of short transit locomotion, electric power 
will, probably, prove to be the most suitable, and the im- 
provement in the atmosphere of the Underground Railway, 
which would result from the adoption of such a means of 
propulsion, would be far more remarkable than anything 
which ventilators, whether ornamental or the contrary, are 
able to effect. Infact, there can be little doubt that the 
practical development of electrical appliances in the near 
future will be something extraordinary, and the consequence 
of this, and of the extensive use of gaseous fuel, will be, I 
most sincerely hope, and not unreasonably believe, not only 
the abatement, but the compulsory abolition, of smoke and 
all other artificial pollution of the atmosphere, and such an 
improvement in the air of towns as will change them from 
stifling purgatories into wholesome and refreshing centers 
of life and work. 


THE MOST SENSITIVE GALVANOSCOPE. 
By Prof. Ernst von FLEISCHL. 


THE most sensitive galvanoscope is the nerve of a frog. 
its superiority over other galvanoscopes depends not so 
much upon its power of indicating traces of electricity as 
such, but rather upon its power of showing fluctuations in 
the strength of currents even of the feeblest intensity, if only 
they take place with sufficient rapidity. 

As the readers of this memoir cannot be supposed to be 
possessed of a knowledge of anatomical and physiological 
details, we must first give a description of the position, of 
the appearance, and the general properties of the nerves and 
rmouscles of the frog. The reason why frogs are selected for 
these experiments is that they are easily procured in our 
districts; that their tissues, after the death of the frog, retain 
for some hours their vital properties in a degree not sensibly 
diminished, and lastly, that a nerve bas its course in the 
hinder extremities of these animals, which possesses suitable 
dimensions for the experiment, and which is easy to prepare. 

Near the lower end of the backbone of these animals (he 
roots of the nerves for the lower extremities issue from two 
series of apertures in the form of fine white threads. These, 
after forming a plexus, unite to a thicker cylindrical stem of 
1 millimeter in diameter, from which branches are given off 
in the shape of fine threads. These, under the microscope. 
appear formed of a number of extremely fine parallel fibers, 
each from 0°03 to 0°001 millimeter in diameter, 
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The roots of the nerves proceed from the backbone on | lower part of the thigh and the foot. The one end is cut 
each side, in two mutually distinct longitudinal series; the | off just where it issues from the vertebral column. On the 
anterior roots more approaching the belly of the animal, and other side of the frog the great muscle of the calf of the leg 
the posterior roots turned more toward the back. is laid bare by taking off the skin. If the former prepara- 

I, first preparation; N,, nerve; F, red muscular flesh ; 8, | tion is held by its lower end in the hand, and allowed to fall | 
sinew; E, E', exciting electrodes; Il, second preparation; | with the bare nerve across the muscle, so as to touch both 
N,, nerve; P, f, lower thigh and foot at points of its red surface, and also ut points of the white 

By vumerous experiments which have been made on the | iridescent sinew, the reparation is thrown into very per- 
excitability of motor-nerve fibers by electricity, it has been ceptible movement. he experiment succeeds better if a 
found that they are sensitive neither for static tensions nor wound is made in the second muscle, and if the nerve is ai- 
for constant currents of whatever intensity, but for fluctua- lowed to fall in such a manner that one part of it may come 
tions in the intensity of such currents, of whatever | in contact with the natural surface, and another part may 
character. touch the inner surface of the wound. i 

The determining feature for the action of the fluctuations| An experiment which shows the extraordinary sensitive. | 
of electric currents is decidedly their abruptness. It is quite | ness of the frog nerve to electrical currents, eveu of the 
possible, ¢. g., to introduce « current of great intensity into | lowest intensity, if they only arise or disappear with suffici- | 
a nerve so gradually that the nerve, and the muscle with | ent rapidity, is the following: as is well known, if mercury 
which it is connected, are not excited; or the current may | is placed in a cylindrical tube, open above and below but 
ve very gradually and slowly removed without producing | tapering downward conically, to a capillary degree of fine- 
any Vv isible effect. But the sudden opening or closing. even | ness, it comes into equilibrium at a certain point. 1 he 
of u minimum current, is sufficient to excite a nerve, and | higher the column of mercury the farther it penetrates into 
this sensibility of a nerve, for sudden even though infin- | the tapering lower end of the tube, the smaller is the trans- 
jtesimal fluctations of currents constitutes its peculiar value | verse section of its lower end, and the greater is the curva- | 
as a galvanoscope. ture of the lower surface, until at last, as the height of the 

The fluctuations caused in the wire coils of a Bell tele- | mercurial column is continually increased, the mercury 
reaches the extremity of the tapering capillary and issues in 
minute drops. As long as the mercury does not flow out 
the column may be considered as held in equilibrium by the 
equality of the two forces which act upon it in opposite 
directions. The one force is gravitation; the opposing force 
is the surface-tension of the meniscus. 

If the lowest port of the capillary tube below the mercury 
is filled with dilute sulphuric acid, and the capillary tube is 
plunged into a small vessel, likewise containing dilute sul- 

buric acid with mercury at the bottom, and if this mercury 
s connected with one polar wire, and the mercury in the 
tube with the other polar wire, of a battery or other source 
of electricity, a displacement of the lower end of the mer- 
Fie. 1. curial column is occasioned by the action of the current. 

If such a small capillary electrometer is constructed, say 
of a bottle five centimeters in height, with a little mercury 
poured into the bottom, and a conical glass tube as above 
described is passed through the neck and secured by means 
of a cork, so that its lower end plunges into dilute sulphuric 
acid, which forms a layer above the mercury, and if it is 
charged with mercury, and its lowest part, into which the 
mercury does not penetrate, with dilute sulpburic acid, and 
if the mercury at the bottom of the bottle is connected with 
an insulated wire which rises up out of the bottle, while the 
mercury in the tube is connected with another wire, and the | 
ends of these wires, projecting out of the bottle, are brought | 
4 unos the living nerve in contact with the nerve of a freshly-prepared nerve and 
odode ends of the witsel. a telephone ese quammsnnel ee the muscle is thrown into a convulsive movement as 

: i eC § ce ac > : . ‘ H re 

by the hip-nerve of a frog, laid bare, but left in connection | a ote. mayen ge wry wien ee an the 
with the muscle which it supplies, the latter will contract! ~~) hal ae seta fe pages, Sere 
when abruptly rising or falling portions occur in the scund- a ‘llatio. “ gp Panne o —— = ma ny = —— 
waves which act upon the telephone. Professor E. Du Bois | ee et, dr a - ae oo Seen 
Reymond has given this experiment an elegant form, atiliz- “ me — nay a pt ta oat poner a ~ ye 
ing the different form of the curves corresponding to the a ae + ns —S 7 . wt ge 33 ioe oh — ~~ “ h 
sounds of different vowels in the following manner: If the eapone _ a mrevity of r oe within w - 
word “ lie” is spoken with a moderately strong voice into a one oof thet opposite ante yea he “5 ye Ss | 
telephone connected with the prepared nerves, the muscle | meg ae ge ~ hie rd meee ie The way Hor 
lies at rest, as no abrupt curves occur in this sound. But if yon sufficiently soueeeve for t = sacieation, hese eeble 
Sa oe sagen - cuenta ye » :*| and transitory currents, nevertheless, excite the nerve of a| 
with a voice no a =~ — the — jump 18) frog most violently. It is merely necessary to set the bottle, | 
saan nt the cephne the mule thrown ito, such | a above described, upon an ordinary, im ‘able, amd thea 
away from the ends of the wires to which it had been applied. | paler pena oe og oo a trifiiee bet 4 = Hees ha 
(The word ‘‘jump” is the nearest approach which we can}. t tl > Mammen, 4 P ont The g a sa A 
find to a monosyllabic translation of the original German | 8c. j26 (fos nerve in movemen'. a ee eee 
word ‘‘zuck ” so as to contain the same vowel. It will be clades thet for very Seetle cursesta, heginatag. of coning 
suddenly, the living frog-nerve is the most delicate of all 


better to pronounce “lie” as if written ‘‘lee,” and to give] —. me Foi oi . 
“jump” with the close sound of the u, as in bull). galvanoscopes.—Inlernat. Zeitschrift Elect. Austellung Wien. 


Avother experiment, in which not merely the nerve, but — 
the muscles themselves, are traversed by the current, is the a 
ieeadaadl ' FIRING OF THE MULTICHARGE GUN. 


following: Place upon a large copper plate a smaller zinc 
late, and upon the latter a leech. This animal soon begins ‘ 7 
plate — tages te egins| J. R. HASKELL, inventor of the multicharge gun, lately led 
to creep away from the zinc, raising the anterior part of its Sr pune : : Sandy Hook ames 4 
body and bringing down its head upon a part of the copper | ® Patty of gentlemen down to Sandy Hook to witness the ex- 
Se “ . | perimental firing of this new war implement. The gun isa 
mass of iron 25 feet long, weighing 25 tons, looking like a 


surface. As soon as this is touched a Daniell element is | 
osed, the curreyt of which passes suddenly throug : ; "cig - 
closed, ‘ I enly through the section of a mast with four tumors in line upon its under 
side, The tumors indicate the pockets for the explosion of 


body of the leech. Its — a contract and raise the 
head away from the copper plate. The interruption of the a “ere paces hes 
current again causes on fection, and the sniaal retreats a sa 6 ee a = eee 
still furtber. The same scene recurs, after a short time, age — oe Pe rey ee a a ering TP 
with the same result, so that it appears as if the leech was =e ry se egg ert ge -- _ a » -_ 
held to the zine plate by enchantment. — ap SSD, See CS RRSS OPENS ee me aes 
inches, and angle of inclination toward the muzzle of the 
gun 55 degrees. The entire interior of the gun, bore and 
pockets, is of steel, over which is a mass of iron. 

In the bottom of each pocket, and about a foot back from 
the muzzle, pressure gauges are introduced. There are two | 
kinds, the Rodman and the “crushing,” and, though the} 
best yet discovered, neither possesses anything more than | 
relative accuracy, and both are subject to great errors. Both 
are based upon the effect of pressure on a soft metal—copper. 
The Rodman gauge determines the pressure by the depth to 
which a piston forces a knife blade into a copper disk of de- 
termined density. In the other, the compressibility, lengtb- 
wise, of a cylinder of copper one-half inch long and one- 
quarter inch in diameter, inclosed in an air tight chamber 
beneath a piston which is acted upon by the pressure of the 
gases in the gun, affords the required indication of force ex- 
erted upon it. It is this latter kind that is used in the multi- 
charge gun. The delicacy of the reading of the information 
Fie. 2. my , ba ayy : nats 

it imparts may be inferred from the fact that its compression 
under 19,000 pounds of pressure is only one-eighth of one- 
_ The nerves of the frog are so sensitive to currents that if, | thousandth of an inch, and under 20,600 pounds only three- 
in preparing them, tbey are simultaneously touched with a | fourths of one-thousandth. Unfortunately, it is not possi 
steel forceps and steel scissors, and if these instruments are | ble, whatever the care exercised in preparing it, to obtain | 
accidentally brought into direct metallic contact, a move-| copper of such absolute uniformity of molecular construc- | 
ment is observed in the muscles, caused by the extremely | tion as will give always accurate results. 
feeble current proceeding from the.two instruments, which, The theory of this invention is the gradual accumulation 
though both formed of steel, have surfaces not absolutely | of power by a succession of charges exploded as the shot 
electromotorically equivalent. If a nerve in connection | passes along the bore. In the old fashioned gun a single 
with a muscle is placed upon a piece of metal, such as a| charge of powder does all the work, and the strain upon the 
coin, and if the nerve and the coin are touched simultane- | breech is enormous, the pressure in the single charge gun 
ously with another piece of metal, a violent movement en-| running from 33,000 to 50,000, 60,000, and sometimes over | 
sues each time on contact, but the muscle remains at rest as | 100,000 pounds per square inch. In the multicharge system, 
long as ‘he current produced in this manner circulates con-| a small charge of slow burning powder in the breech over- | 
stant in the nerve. comes the inertia of the shot, the velocity of which, after its | 
_ Nerves and muscles are well known to be electromotive | start, is easily accelerated by the successive explosions of | 
tissues, ¢. e., currents emanate from them which circulate | subsequent discharges of quicker burning powder, fired in| 
both in the nerve and in the muscle from any artificial trans- | the pockets by the gas of the breech charge following the | 
Verse section tothe natural surface. In the muscle the sinew | shot. 
‘o which its fibers are attached behaves like an artificial} The velocity of expansion of gunpowder gas is 7,000 feet 
transverse section. These currents can be easily shown by | per second, and it would be impossible for it to move any 
means of the sensitive galvanoscope which a nerve-muscle | projectile with even an approximate speed. The instant that 
galvanoscope affords. In a freshly killed frog the hip | the throat of the pocket is uncovered by the passage of the 
nerves on one side are prepared in connection with the! shot, the gas in its rear, with a pressure of say 15,000 pounds 
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phone by the human voice are quite sufficient to set the 
nerves in a state of excitement. These fluctuations of cur- 
rent furnish, as is well known, a faithful image of the sound- | 
vibrations by which tbe telephone is excited, and upon this | 
the working of the iustrument evtirely depends. If, in a| 
graphic representation of the movement of the air-molecules 
in a sound-wave, there occur portions of the curve which 
rise or fall with exceptional abruptness, these portions of the 
sound-curve correspond to abrupt positive or negative fluc- 
tuations in the currents which circulate in the telephone | 
wire, and these fluctuations are especially well adapted to 
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to the square inch, surrounds every grain of powder in the 
pocket, converting it instantly into more gas, at an increased 
pressure, and in like manner flashes the contents of the next 

ket, and so on until the combined power of all the pow- 
der in the breech and the four pockets has been utilized to 
keep up the speed of the projectile. 

The inventor claims that it will give to projectiles greatly 
increased velocities when fired with full charges; incre 
range in proportion to the greater velocity, and power to 
penetrate four calibers of four times the diameter of the bore 
through armor plates, with pressures very much less than in 
ordinary or single charge guns. This is a gain over the old 
system of about 50 per cent. in velocity and range and 100 
per cent. in penetration, 

There seems to be no limit to the amount of powder 
which can be effectively burned, which is not true of the 
old system. In all single charge guns a certain quantity of 
powder, variable according to the caliber of the gun, pro- 
duces the maximum result, and any addition to that amount 
decreases the velocity of the shot, because the extra powder 
is thrown out unburned, and is just so much extra weight to 
be moved in addition to the projectile. 

The term ‘‘ velocity” is apt to be misleading to the ordi- 
nary mind. A high velocity is occasionally produced by 
the one charge guns, but velocity of itself las no effect on 
the mind of an ordnance expert. It is mere fancy work, 


}and not such as is done in actual service, to get an exces- 


sively high velocity by firing an unusually large charge of 

»wder behind an uncommonly light shot. A great velocity 
imparted to a heavy projectile produces the most effective 
work on an armor plate, and that is precisely what the mul- 
ticharge gun is destined to accomplish. It is a difficult mat- 
ter to draw comparisons between this and other guns, because 
the data are so dissimilar as to weight of shot, charge and 
quality of powder, ete. This gun, in the thirteenth round, 
threw a shot of 109 pounds with a velocity of 1,735 feet, 
which is equal to 2,300 feet velocity with the 68 to 75-pound 
shot usually fired in single charge six inch guns, and the 


| pressures in the multicharge gun were maintained at about 


20,000 pounds to the square inch. The service charge of 
powder in the ordinary six inch gun is 84 pounds behind a 
shot weighing from 68 to 75 pounds, If a shot weighing 
as much as that used in this multicharge gun in this series 
of trials were used in a single charge gun of six inches 
caliber the charge would either bave to be reduced, with 
consequent reduction of velocity, or the pressure would run 
up toa dangerous point. In a report of the Secretary of 
War there is one instance at least approximate. A six inch 
steel gun of Krupp’s manufacture was fired with a projec- 
tile of 112 pounds, which is about 60 per cent. beavier than 
that used in service, producing a velocity of 1,676 feet per 
second under a pressure of 40,320 pounds to the square inch. 
In the thirteenth round a projectile weighing 109 pounds 
was given a velocity of 1,735 feet per second with a pressure 
of about 20,000 pounds and in the nineteenth round was 
given to an 111 pound shot a velocity of 1,882 feet per sec- 
ond under about the same pressure. 

Instead of projectiles two diameters in length, weighing 
from 68 to 75 pounds, we are firing now shot that are three 
diameters in length and weigh 109 to 111 pounds. Before 
we get through we will be firing shots four diameters in 
length, weighing 155 pounds, from our multicharge gun, at 
a velocity sufficient to penetrate 24 inches of solid wrought 
iron, or the armor of any war vessel that floats. No single 
charge gun could throw that shot, but would burst in starting 
it, in all probability. 

Mr. Haskell threw open the breech of the gun, and the 


| reporter peered through the long tube It was as carefully 


finished as the interior of any sporting rifle, with fifteen 
grooves 6-100 inch deep and one twist in twelve feet. The 
breech merited and received special admiration. Itis entered 


| and retracted by an interrupted screw, hinged to throw aside 


for the introduction of the shot, gas check wad, and breech 
charge, and double locked by a simple and ingenious device 
that works almost instantaneously. The work upon it is as 
fine as that upon the mechanism of a good watch, and it 
can be operated with surprising celerity by the men accus- 
tomed to handling it. Mr. A. G. Sinclair, master mechan- 
ic, superintended the loading of the gun. Mr. Sanborn, who 
has official charge of all the powder., aided him. Mr. San- 
born has gray hair and beard, but stood in the storm quite un- 
concernedly, in his check shirt sleeves. ‘* Haven’t you any- 
thing under that shirt ?” Major McKee asked him in atone of 
astonished curiosity. ‘* Got my hide,” replied the old fellow 
placidly. Four other men assisted those three. There 
didn’t seem to be any too many of them. The big steel 
plugs containing the pressure gauges were firmly screwed 
into the bottoms oftbe pockets. Then, one by one, four 
other steel plugs, with handles on them like those on hand 
organs, were unscrewed on the upper side of the gun and 
taken out. Into each aperture thus made was thrust a long 
copper funnel, through which tbe charges of powder were 
poured from tin cans into the pockets, 18 pounds in each, 
after which the organ-handle trimmed plugs were quickly 
screwed into place again. Into the pocket nearest the breech 
was put powderin grains as big as peas; into the second 
pocket grains half as large; into the third grains not more 
than quartered peas in size; and in the fourth pocket ordi- 
nary musket powder was used. These gradations in size 
were made because the finer powder grains are,the more 
quickly they burn, and it is desirable to bave a rapidity of 
gas development in the bore of the gun proportionate to the 
constantly and swiftly accelerating speed of the moving 
projectile. When the pockets were charged the breech was 
thrown open, and, through a copper shield, or guide, to 
carry it accurately into place, a conical shot—iron, banded 
with copper to take the rifling—weigbing 110 pounds, hav- 
ing been daubed with grease and plumbago, was shoved in- 
to place, and solidly rammed to the shoulder at the end of 
tbe breech chamber, where it must begin to be compressed 


| to take the rifling. Behind it was fitted a gas check ward, 


composed of disks of sole leather and copper, and greased 
like the shot. Last of all was slid into place a coarse flannel 
bag holding 15 pounds of powder in hexagonal grains as big 
as hickory nuts. Then the breech was closed and locked, a 
cannon primer, with electric wires aitached, was shoved in- 
toa small central bole in the breech, and Capt. Starring 


ordered everybody into the bomb-proof. 


There were eighteen men in that bombproof, whichis a 
subterranean construction of enormous timbers, over which 
many feet of sand and gravel are heaped. The reporter fired 
the big gun, by permission of Major McKee. Todo so he 
simply had to press a little ivory button ina box on the 
wall There was a dull roar, nothing like so loud as had 
been expected by those who now heard it for the first time. 
But the recoil of the steel and iron mass from that shot was 
four and a half feet. Of the two frames of electric wires, 
100 feet apart, between the muzzle of the gun and the heavy 
barricade backed with sand which catches and saves the 
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shot, the first was blown out, cleared of every wire; the sec- 


ond lost about half iis wires, 


ed loose was thus discovered to have been just 0°055888 of 








a The shot used in this gun are of 3 and 4 calibers in length 
second, and from that it was easy to compute, by the aid of | the 18 inch shot weighing about 110 pounds, the 4 inch shot 


: 4 Save! - ~ Shot 
The use of these frames is t¢ test the velocity. Up iv the | certain accepted tables, that the velocity of the ball was 1,791 | weighing about 155 pounds. The ordinary Single charge 
office, under the careful serutiny of Mr Henry A. Sinclair, | per second, un fires a shot 2°5 to 2-8 calibers long, weighing from 60 to 


the electrican of tie Bourd, are the velocity recording; Thus it was shown that the nineteenth shot fired, with its | 7 pounds, The maximum quantity of powde 


r that can be 


machines, There are two of them, to act as a check upon | velocity of 1,832 feet per second, would have had a range of | used in the ordinary 6 inch gun is about 34 pounds bebind 


each other, Sometimes they differ a little. On the twenti 
eth shot, for instance, one of them registered a velocity o 
1,798 feet to the second and the other 1,739 feet. In sucl 
case the average is taken, and this shot went down at 1,791 
The apparatus for measuring the flight of the ball is as sim 


ple as it is accurate. A heavy steel rod, covered with a thin 


tube of soft metal, is held up by one end "v magnetic attrac 
tion. The breaking of the wires in the 
the electrical current which destroys the attraction, and the 


rst frame cuts off 


-| about 74g miles; would have gone through 18°82 inches of | the light shot of 60 to 75 pounds. By the acceleratin 

f solid wrought iron,and that an energy of 2,608 foot tons principle of the Haskell gun many times as much powder 
1 was developed for the tossing of it. Mr Haskell expects that | can be used behind a shot 50 to 100 per cent. heavier, while 
. before these trials are ended his multicharge gun will throw a | the pressure, instead of being increased, is diminished 
| 155 1b. projectile fifteen miles, or through 24 inches of solid one-half that in the single charge gun of the same calber. 
| wrought iron armor.—WN. YF. Sua. | This is accomplished by using several charges of powder jn. 
, stead of one, each charge being smalier than that of the single 


—— en . . . _— charge gun, but aggregating iv the 6inch gun 130 pounds, tj 
. THE HASKELL MULTICHARGE GUN. first or breech charge of 18 pounds being a slow burning 


to about 


rod falls. When the bal! goes through tbe second frame of; Te multicharge gun, invented and perfected by Mr, Jas. | powder to overcome the inertia of and to slowly start the 


wires, 100 feet behind the first, similar action takes place 


» | R. Haskell, which has recently been tried at Sandy Hook, is | projectile, and when that is done and the gases have ex. 



































oe aie 


SSS SENET WENN 


SSeS Tes 


a Se eee 








SSSI. SESE 





je 






































1. Firing. 2. Longitudinal Vertical Section of Gun. _ 3. General View. 4 (A) Shot, (B) Gas Check, (0) Powder Cartridge. 5. Loading Shot. 6. (4) Size of Breech Powder, (B) 
Size of Pocket Powder 7. Longitudinal View of Gun. 8. Loading Pockets, 


THE HASKELL MULTICHARGE GUN. 


and the dropping of a second rod liberates a knife that 
makes an indentation in the first falling rod, Another 
slight indentation is made by a second knife. liberated by : 
division of the current that drops the second rod, which by 
allowance for the time lost in the dropping of that short sec- 
ond rod to free its knife, gives accurately the time, resolved 
into distance between the slight nicks on the rod, of the flight 
of the ball through 100 feet of space. The time occupied in 
making that distance by the projectile that the reporter turn 


attracting the attention of military experts, engineers, and | panded, the supplemental charges of 28 pounds of quick 
scientific men, not only of this country, but of Europe. The | burning powder in each of the four pockets are then succes- 
gun has been so frequently mentioned by the daily papers, | sively exploded behind the shot to give it velocity. The 
and its principle so fully described, that but little attention | ordinary gun has to overcome the inertia of the shot as well 
need be paid in this article to tbat branch of the subject, afew|as give it the velocity, which accounts for pressures of 
points only in a condensed form being given. he gun is 40,000 pounds to 75,000 pounds, and frequently over that. 

25 feet long, weighs 25 tons, and is of 6 inch caliber. The It is claimed: for this gun that a velocity of 3,000 feet will 
outside casing is of cast iron, but that bas a continuous | be attained. a gain of fifty per cent: over the guns ia present 
interval lining of cast steel. | use, while the penetrating force will show a gain over the 
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TABLE OF FIRST SERIES OF TRIALS AT SANDY HOOK. and combustion chamber being of Siemens steel, while the 

= ——_——_— — ~ — ——$_$—_———— ——- | 8 inch tubes are of iron expanded into the tube plates but 

LB. POWDER. VELOCITY PRESSURES, LB, PER SQUARE INCH. not ferruled. The firebox is circular in sect ion but conical, 

said ee Bi, - » aad in every size of boiler made these conical fireboxes are 

Hlo.| Date. | hot. a os pm one | a 28 aa ath formed upon the same block, but at different heights upon 
Breech. Pocket. Pocket. Pocket. | Pocket. second, Breech. pocket, | Pocket. | Pocket, | Pocket. |Muzsle. | it, so that the taper is one constant angle in all boilers. 

The round back of (be combustiou chamber is stayed to the 

————— a shell by nutted stud stays, dis: radialiy as seen in Fig. 

Sept 4, the flat side being connected to the shell iube plate by the 

1 5 | 108%, 12KA} —— — — —— | 1,067 |Norecora.| —— | —— — | — | — |small tubes. A plate stay, visible in Fig. 1, connects the 

9 109 | 15KA; — —— — — 25,17% | —— —_— — | — | — |crown of the combustion chamber to the stud. 

3 6 | 103 | 15KA ) = ae awe ent 24,800 — —_——_  —_ The shell tube plate shown enlarged in Fig. 2 is worthy of 

4 110  15KA | 15 KB — — 23,500 No record, — |_——- — | notice, being flanged and pressed to its shape by hydraulic 

5 110  15KA | 15 KC) 15KC}; — — 24,000 |Norecord.|Norecord.| — — —— |pressure, the part occupied by the tubes being flat, and 

6) 7 | 109 | 15KA | 20 KC nen — 22,100 | 25,500 —  —— -— | therefore all the tubes are exactly of a length, which ie a 

7| 18 |1089 | 15KA/; — — — —_— 23,500 oe —_ — —— |great convenience in event of repairs or renewals. To take 

8 109 | 14KA | — — — — 16 20,900 | —— —_ —— — |}tbe strain from this and re-enforce the shell where weakened 

9 108 | 144KA | 18 KC | 15KD) — — 5 20,600 | 20,700 |Noreeord. —— ——- —— |by the cutting out of so large a number of tube holes, two 

10; 19 | 110 | 14KA | 18 KC | 18KD; — — 5: 20,600 | 20,800 | 22,00 —- —- —— |ecross stays are introduced, one above and one below the 

11 109 14KA | 18 KC 17KD —— 5 20,900 | 20,400 | 20,200 | —- —  —— |tnbes, as shown in plan in Fig. 4. These stays are of round 
12 106 14KA | 18 KC | 17KD 17 KE 1,673 | 20,400 | 20,700 | 19.600 | 20,200 —— 12,000) har iron, forged at the ends into T pieces, and secured b 

18 | 20 109 14KA | 18 KC 17KD/|17KE/17KG _ 1,785 20,200 | 20,700 | 20,440 | 19,400 21,200 18,000 | rivets by vertically disposed angle irons upon the shell. This 

| | | satisfactorily supplies the deficiency of the shell at this poiut, 

oe ~|and the stays, being equally open to inspection with the 

ordinary guns of like caliber of about 250 percent, It is] The next step in the trials of the multicharge gun wi!l be | other parts of the boiler, can be detected at once if they 


expected to throw a shot at least ten miles, an increase of | 
over fifty per cent. over all previous ranges. 

The results of the first firings, as shown in the accompa- 
nving table, will be better understood with a little explana- 
tion. The letters KA, KB, KC, etc., indicate the differ 
ent qualities of powder, KA being the slowest burning 
powder, KB a quicker burning, KC still quicker, and so 
on. Under the head of ‘‘ Pressures,” etc., where no record 
occurs, the pressure was less than 18,000 pounds per square 
inch, the pressure gauges in all parts of the gun, except the 
muzzle, being compressed so as only to record 18,000 pounds 
or over, | 

The first seven shots were fired for the purpose of testing 
the question whether the projectile took the grooves of the | 
rifling well and received the proper twist, etc.; and also to 
see whether the gas check wads, used in the rear of the shot, 
prevented windage. ‘These points being satisfactorily set- | 
tled, the shot making clean cut round holes of six inches di- | 
mensions, and the wads preventing absolutely any escape of 
gas abead of the shot, the first proposed trial really com 
menced—that is, to ascertain the results of firing at the low 
pressure of 20,000 pounds per square inch, with a shot fifty 
per cent. heavier than that ordinarily used. 

It will be noticed that whenever powder (another name 
for power in a gun) was added, either by an additional 
pocket charge, or by an increase of powder over any previ- 
ous charge, greater velocity was attained, while the pressures 
were maintained at about the same degree. The addition 
of 5 pounds of powder in the first pocket in the sixth round | 
gave 110 feet more velocity than was obtained in the fourth } 
round. The addition of the first pocket in the fourth round | 
gave 137 feet increase over the breech charge alone in the 
third round; and with two pockets charged in the fifth 
round, 161 feet increase was had over the one pocket and | 
breech charge of the fourth round. The breech charge in 
the seventh round showed too much pressure for the pur- | 
poses of this trial (which was to be at or about 20,000 pounds | 
to the square inch), and it was reduced to 14 pounds of | 
powder in the subsequent rounds. The second pocket charge | 
of 15 pounds in the ninth round gave too low a pressure to} 
be recorded, was increased to 18 pounds in the tenth round, | 
which showed too great a pressure, and thereafter 17 pounds | 
was used in this pocket, which gave as near as could be the | 
desired pressure. And so with other pockets, the proper | 
pressure being got by experimenting in the same manner. | 

The increased velocities of the tenth, eleventh, twelfth, and | 
thirteenth rounds over the ninth are each apparent, and 
when all four pockets were fired in the thirteenth round 
there was shown an increase of initial velocity beyond that 
of the breech charge alone in the ninth round of over fifty 
per cent., from 1,166 to 1,735 feet. 

it must be remembered that in this trial at 20,000 pounds 
pressure, the pockets are but little more than half filled, the 
unoccupied pertion of the pockets, and the breech, leaving 
more room for expansion, and so reducing the comparative 
results. The full effect of the powder can only be seen when 
full charges are used. 

The single charge guns of all makers, Krupp, Armstrong, 
Whitworth, and others, caliber for caliber, are relatively of 
equal power, so that a comparison of any one of these sys- 
tems with the multicharge system would be fair toeach. It 
is difficult, however, to make a comparison where the data 
as io weight of shot, weight and kind of powder, pressures, 
etc., are so dissimilar. 

Such a comparison of guus of 6 inch caliber might be 
made as follows: The single charge guns fire a shot of from 
60 to 75 pounds; the multicharge, a shot of 110 pounds. 
The pressure in the old style of guns is from 32.000 pounds per 
square inch up tu 50,000 pounds, and frequently over, while | 
in the multicharge system, in this series of experiments, the | 
pressures were confined to 20,000 pounds. If the single charge 
gun fired a shot of 110 pounds weight (which is over fifty 
per cent. heavier than it uses), it would have eitherto reduce 
its charge of powder, and consequently get a decreased velo- 
city, or, with the usual charge, the pressures would run up 
to a dangerous point. 

The velocity of 1,785 feet with a shot of 110 pounds is 
equivalent to the highest velocity ever vbtained by the 6 inch 
guns in present use, with the shot ordinarily used, and this 
power was got, too, with a pressure in the multicharge gun 
of about fifty per cent. that recorded in the 6 inci single 
Charge gun. 

Up to this point, apparently, the multicharge gun has | 
hardly begun to exercise its great powers, while the above | 





Statements as to the old-fashioned guns are taken at their| the tubes themselves being open to scaling from below, tions, 


maximum powers; but when the multicharge gun gets to | 
firing with a pressure of 30,000 pounds, and using the four 
caliber shot weighing over 150 pounds, some very interesting 
results will be obtained. 

It might not be out of place here to state for the infor- 
mation of the uninitiated that high velocities with light 
shot are practically valueless. It is with great velocities 
toa heavy shot that effective penetration into armor is 
obtained. 

An interesting comparison between the two systems can 
be made as to the capacity of using powder. In all single 
charge guns a certain quantity of powder, ascertainable by 
experiments, produces the maximum velocity, and any addi- 
tion to that quantity results ina decreased velocity. This 
is due tothe fact that the additional quantity of powder is | 
thrown out unburned, and forms so much more weight in 
addition to the shot. In the multicharge gun there seems 
to be no limit to the capacity to burn powder, which means, 
of course, increased power. 





| 
| 
} 


to get the results of firing with larger charges at a pres- 
sure of 25,000 pounds, and after that at 30,000 pounds, with 
the four caliber shot weighing over 150 pounds. During 
these trials, experiments will be made to determine which 
of several grades of powder will produce the best results; 
that is, the highest velocity to a heavy shot with the least 
pressure, 

For the foregoing particulars, and accompanying engrav- 
ing, we are indebted to the Mechanical News. 


IMPROVED VERTICAL TUBULAR STEAM 
BOILERS. 


THE annexed illustrations represent « form of steam boiler 
which presents several points of interest. Fig. 1 represents 
one of these boilers with a portion of the shell removed, and 
containing workmen, The eugraving is from a photograph 
taken at a time when three men were at work within the 
boiler, and two of them are visible iv the figure, the third 
being concealed by the firebox. It will therefore be appar- 
ent that there is ample room between the firebox and the 





show signs of wasting by corrosion. From the peculiar slop- 
ing construction of the furnace inspection can be made 
thoroughly of all parts, and this is a very sirong recom- 
mendation in itself for the boiler which, by this very fea- 
ture, is also rendered stronger than it —H be if the fur- 
nace were cylindrical. The arrangement of the firedoor is 
plainly visibie in Fig. 8, which shows also the firebars and 
their supports, All plate connections are made by flanging 
in place of angle irons. The manhole is properly strength- 
ened by a strip ring and the usual mudboles, blow out 
cocks, feed check valves, gauges, aud safety valves fitted. 
No part is exposed to the action of the fire or hot gases from 
it which is not also in contact with water on the other side. 
—Mech. World 


ELEVATED TRACKS IN NEW ORLEANS. 
THE New Orleans Picayune says: ‘‘ More railroads are 
|reaching with their iron arms into this city, and all are 
| clamoring for rights of way and track space on the river 
front, when there is not room for the reads that are already 
| established, and the Jevee is so badly blockaded by freight 
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IMPROVED VERTICAL TUBULAR STEAM BOILER. 


shell, and the great accessibility is one of the claims put for- | piles, acres of cotton and sugar packages, moving masses of 


ward for this construction, every rivet and joint either above 
or below the tubes being within the workman’s reach, and 
above, and at the sides. The dimensions of the boiler illus- 
trated are as follow: 


Ft. In. 
NON, on 5 sctdbecds ccbeonseneans 18 6 
IE CREE on ccsecceds. cce- 000000 seeed 6 0 
Diameter of furmace... ...........0+6- oe 5 0 
Diameter of tubes (outside)....... jsnsebuees 0 38 
NE NOE o0k5s 25000008 sausheowe 0 0% 
Thickness of firebox..... ......... naga 0 OFF 
Thickness of combustion chamber, tube 


BENE: 226. sasnses Re es ashe 0; 
Thickness of combustion chamber, back and 
a: caan sd. Sedbeebesesdesscetendesos Og 
Number of tubes... .. 88 
Grate surface (sq. ft.)......... - 19% 
Heating surface (sq. ft.).......-.. 340 
Working pressure (per sq. in.).... 90 Ib. 


The shell plates are of iron, double riveted, the furnace 


drays and wagons, in the midst of which switch engines are 
dodging in and out, shifting trains to their various destina- 
This is the present situation on the levee, and, never- 
theless, the railways are clamoring for greater accommodation 
while it is admitted on all hands that there is not room to 
handle properly the steamboat and ship freight. If the 
above presents only a faint idea of the demands of commerce 
for space along the river to-day, it will not be difficult to see 
\that with the rapid development in the near future the 
most serious embarrassment to the business of this city must 
result. 
‘* Asthe nearest way out of the present trouble, and to make 
provision for the future of the commerce of New Orleans, 
a corporation, composed of business meu among the most 
deeply interested in the city’s prosperity. has been formed 
to build an elevated railway above the levee and above the 
| heads of the many workers along the river front. It will 
| do the business of shifting trains on the second story, while 

the levee itself will be delivered over to the men and horses 
|and their busy traffic. Concessions for this enterprise have 
_ been made by the city council, ——— that equal and 
| adequate facilities shal] be furnished by this corporation to 
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all the railways desiring to use the company’s appliances, 
while the Jaws of trade will force the corporation to supply 
its facilities to its patrons at rates that are just and reason 
able. 

‘*A reporter recentiy visited the office of the Elevated 
Railway Company, in the Imperial building, opposite the 
Cotton Exchange, on Carondelet Street, and was permitted 
to inspect the completed plans and drawings of the proposed 
structures, They will consist, in brief, of a railway track, 
two tracks, in fact (with sidings where considered necessary ), 
supported on iron columns and extending along the river 
front from Louisiana Avenue to Independent Street, At the 
extremities of this trackway and at the depot grounds of 
each railroad near which it will pass, inclined tracks will be 
built, by means of which trains can easily reach the elevated 
road or descend from it. 

‘* The roadway will be supported on a system of construc 
tion which will combine strength and solidity with the least 
yossible obstruction to the free. open space of the levee 
lhe entire system has been carefully studied and designed 
by able engineers, and is in accordance with the principles 
upor which the best works of this kind are constructed; 
for it is no experiment, but is in actual practical use in 
other cities of this continent and Europe. 

“Bids for the construction of the foundations of the 
work bave been already opened. After the foundations 
shall be laid, the superstructure, which will be mostly of 
iron, will be rapidly put up. 

‘* The enterprise 2lso embraces, as a matter for subsequent | 
consideration, the scheme of a grand union depot at the foot 
of Canal Street, where trains will arrive, connect, and depart 
overhead, while the usual traffic of the street goes on below 
The plans are very elaborate, fully illustrating every detail 
of the proposed operations of the company, and are worth 
the inspection of business men of all sorts, It is evidertly | 
not a scheme to dispense with the labor of a single individual 
or to abridge the privileges or rights of any branch of trade, 
butis a well conceived and carefully digested measure to 
unravel the tangled skein of a damaging freight blockade on | 
the levee, and to give adequate facilities for the dispatch of 
business where there are now vexatious delay and crowded 
confusion.” 
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THE BLAIR BRIDGE, NEBRASKA. 


THE Omaha Herald gives the following description of 
the new bridge over the Missouri River at Blair, Nebraska, 
which has been built by the Missouri Valley & Blair Rail 
way and Bridge Co., and will be used by the Sioux City | 
& Pacific Railroad: 

On the section of the river where the new bridge is located, | 
the banks are five to ten or more miles apart, the country 
between them being the usual Missouri River bottom land 
For a distance of about 50 miles the river does not strike 
either bluff, but wanders back and forth in the bottom lands 
with no fixed banks to correct its course. The proverbial 
instability of the Missouri River is nowhere more promi- | 
nently felt than here. The commercial necessities of the 
case required that the bridge should be built, and the phys 
ical conditions of the situation made it necessary to give the 
river an artificial stability which nature had not given it. 
The work of controlling the river has been quite as import- 
ant as the construction of the bridge, and has involved a 
vast outlay of time and money. The first examinations 
were made in the winter of 1881-1882, by surveys and bor- 
ings, which showed that solid limestone rock existed about 
50 feet below the assumed low-water level, well calculated 
to sustain the piers of a bridge. A plan for the rectification 
of the river was decided on, and it was decided to erect a 
bridge 1,000 feet long; to protect the shore by riprap and 
mattress work until it should be as stable as a rocky bluff; | 
and to close all slough channels on the east side so that the | 
river would have no room for a width greater than found 
at the stable places below. This bridge is the eleventh con- 
structed across the Missouri River. At several others im- 
portant rectification works have been required, but it is the 
first bridge located at a place which may be described as 
absolutely unstable, with no permanent sbore line on either 
side. This work was done successfully, though seriously 
interrupted at times by heavy floods, and the banks are now 
in such shape as to preclude any possibility of washing 
On the east side 30,500 tons of riprap stone and 3,600 cords 
of brush have been used. The dike was built of willow 
mattress work, wired tescther and heavily weighted with 
stone. The revetment on the west side was begun in the 
summer of 1882, though but little was accomplished until 
18838. Up to date 59,000 tons of stone and 7,100 cords of 
brush have been required in this plan. The river has been 
held at the line selected, and the fact that the channel has 
been scoured out tothe limestone rock proves that this 
protection will be permanent. 

The bridge proper consists of three through spans of iron 
and steel resting on four masonry piers, with a short deck 
span at each end. The through spans are each 330 feet 
long between centers of piers, and the distance from center 
to center of the east and west piers is 999 feet. The length 
of the permanent iron structure is 1,270 feet. The lower 
chords of the spans are placed 50 feet above high water, | 
thus giving free passage to steamboats without adraw. The | 
four piers are bui!t of yellow sandstone, the cutwaters of | 
the two channel piers being of granite. Each of the four 
piers is founded on a timber caisson 54 feet long and 26 feet 
wide, sunk to the rock below by the plenum pneumatic pro- 
cess, and filled with the best Portland cement concrete 
Air pressure was put on the first caisson on November 22, 
1882, and the last foundation was completed April 19, 
1883. 

The superstructure consists of three 3380 foot through 
spans and two short deck spans ai the ends. It,is propor 
tioned to carry a train of indefinite length formed entirely 
of the heaviest class of locomvtives now in use. These 
three spans contain 1,465,000 pounds of wrought iron and 
880,000 pounds of steel, besides 48,000 pounds of cast iron 
in pedestals, etc. The deck spans are 110 feet long, the 
shore ends resting on iron cylinder piers of the Cushing | 
pattern; each span is divided into five panels of 22 feet | 
each, with an addition of a panel or iron floor beyond 
These deck spans contain 250,000 pounds of iron and steel 
The iron and steel work was fabricated and erected by the | 
Keystone Bridge Company, of Pittsburg, Pa., from de 
tailed plans prepared by the engineer of the Missouri Val 
ley & Blair Railway and Bridge Company, The floor beams 
and track stringers are of iron, and on them is laid a safety 
floor of heavy oak ties, placed only six inches apart, with 
heavy angle-iron guard rails, with foot walk and light hand 
rail on each side 

The east approach is about two miles long from its con- 
nection with the old Sioux City & Pacific track to the east- 
ern end of the iron work. When completed it will consist | 
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entirely of an earth embankment ; but to save time the em. 


bankmert, the 3,000 feet next to the bridge, has been built 


in the form of a temporary timber trestle. The completion 
of the bridge renders access easy to the clay bluffs on the 
west side, and the whole trestle will be filled at once to a 
safe beight above the high water, and the whole of it wi'l 
be replaced by an embankment before the life of the timber 
is spent. 

The west approach is 14g miles long from the connection 
with the Sioux City & Pacific track near Blair to the west 
end of the iron work, the distance from the edge of the bluff 
tothe river being about halfamile. There is a trestle on 
this approach about 1,000 feet long over Fish Creek, the old 
Sioux City-& Pacific track, and the intermediate ground. 
Between this trestle and the bridge there is an embarkment 
from 40 to 50 feet high, which has been built by steam sho- 
vel work with clay taken from the west bluff. It was ex- 
pected to have this embankment entirely completed before 
the opening of the bridge, but a serious settlement occurred 
at a place where it crossed an old slough, the total settle- 
ment being apparently as much as 30 feet, while the ground 
on beth sides has been forced up 14 feet high. 
the sink showed a great depth of mud and clay, though the 
bed of the old slough was scarcely visible on the surface. 
The bank has been brought to grade and has acquired a 
permanent stability, but the extra amount of material in 
this work has prevented its completion in season for the 
bridge, and required the building of 1 short piece of trestle 
work at the east end of the bank. The total outlay so far 
has been about $800,000. and it is estimated that $200,000 
more will cover the cost of work yet to be done. 


U. S. LAUNCH STELLA. 
WE give herewith drawings showing the general features 
of an excellent little steam launch, built at the Government 














| toms was applied simultaneously at both ends of the column, 
which was reduced from 7 inches to 444 inches in length. 
The cartridge was then wrapped in paper, und was ready for 


were to commerce; yet when the dredges commenced to 
work a short time ago, the channel was not ready and had 
to be made by the American dredge. The writer seems also 
to he puzzled how to introduce a dredge 18°25 meters into a | use inthe mine. For drilling the holes in which the car 
ditch to be cut 1°25 meters narrower. ell, he has found the | tridges were placed, a light boring machine was used, and 
solution in the closing paragraph; the dredges will simply these holes varied according to the hardness of the coal, but 
excavate a wider ditch, since the whole width of the canal | more particularly its parting from the rvof. It might, how- 
is to be 50 meters at the water level and 8-5 meters in depth. | ever, be stated that the average depth of the boles was 3 feet 
The dredge will also have the necessary width of canal for 6 inches, and the distance apart 4 feet 6 inches. The drill. 
ditching in advance, and since the writer seems to ask the jing of the holes occupied from 12 to 20 minutes, and 





Boring at | 


him how it can be done, although almost any one else would 
bave found it out. 

The writer also commenting upon contracts taken by 
Americans at Kenny’s Bluff, for extracting stone from the 





other—as well as other contracts for earthwork at Monkey 
Hill, says: 

“It isto be hoped that the canal company, after being 
| taught by a succession of small mistakes, will eventually 
| recognize the fact that it is better to rely upon the concur- 
rence of its European employes, who are usually capable 
agents, than upon foreigners picked up on the spot, whose 
aptitude, readiness, and antecedents are unknown.”’ 

This is very good patriotism but it is indifferent truth, for 
when the question of personal comparison between the 
French and American employes is taken up, it is nip and 
tuck who will come off ahead. Of course | presume the 
company cannot be held responsible for such expressions of 
opinion. 

The French dredges used by the company, or at least I am 
informed, cannot cut a channel in terra firma, but are only 
used to deepen a channel already dug; they work from a 
well toward the bow of the boat, and do not cut abead as the 
American dredges do. 

The caval company, I hear, has bought a large number of 


| 





question of the contractors, it is perhaps well to show to ;the cartridges were 


| the most promising inventions. 


then placed in the back of the 
hole, groove uppermost; a tube having six perforations, 
about 4 inches apart, was inserted, the hole was stemmed up, 
| and a quantity of water was forced in by means of a small 
| band-pump. The generation of steam and expansion of the 


quarries—which had to be canceled for some cause or | lime commenced almost immediately the water reached the 


| cartridges, and the time taken by the lime to bring down the 
coal varied, according to the hardness and position of the 
seam, from fifteen minutes to three-quarters of an hour. It 
had been stated that the heat produced by the slacking of the 
lime was sufficient to ignite gas, but this had been altogether 
disproved by the experiments made by Professor Abel; and, 
}in conclusion, Mr. Still urged that. after experiments in 
|}many of the mines in the Wigan district, the lime process 
| was adaptable, and would be of advantage to a great many 
| collieries, not only on account of the greater amount of 
round coal produced, but on account of the absolute immu- 
nity from explosions of gas. 
he Chairman thought lime cartridges would only come 
into use in mines where it was unsafe to use powder. The 
lime cartridge was not meant to supersede powder where the 
latter could be used with safety. If it came to the cost 
simply, lime could nut compete with powder; but where the 
use of powder was uot safe be should think lime was one of 
He should like to know 
whether with the lime process the coal always came down; 


whether it was as certain in its action us powder, If it failed 
to bring down the coal, than the men would lose the whole 
of the day’s work. 

Mr. Longbotham said the experience be bad bad with the 
lime cartridges in a hard seam was that, as a rule, the coal 
came down within Lalf an hour of the water being pumped 
on the cartridge. 

Mr. Still, in replying upon the discussion, said with re- 
ference to the question whether the lime cartridge always 
brought down the coal, he would say no; but this was under 
exceptional conditions, and they must remember that powdet 
shots sometimes failed. Under ordinary circumstances the 
lime did its work. They did not intend to compete with 
powder on economical grounds in the actual cost, but on 
the ground of safe working in a mine. 


Saction at B.D. 











FELDMANN’'S APPARATUS FOR THE DISTILLA- 
TION OF AMMONIACATL LIQUOR. 


AN appliance for the distillation of ammoniacal liquor, the 
invention of Herr A. Feldmann, of Bremen, and forming 
the subject matter of a German patent taken ont last year, 
| is deseribed in a recent number of Dingter’s Polytechnisches 
Journal. In order to manufacture sulphate of ammonia, the 
gas liquor is run from the store tank into the feeding tank, 
X, and from this tank into the bottom of the heater, J, and 
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SECTION OF LAUNCH STELLA. 


shops, Keokuk, Iowa, for which, and the accompanying 
particulars, we are indebted to M. Meigs, U. 8. C. E.: 


Length......... ix. alepharhhngns 6s 60 feet 
BE 4a ridhiesaekenes abensehenbee sea _— 
i b,c tea 
Diameter of wheel... ......cccccccceces ae 
RINNE Ig Foc ccdnen Sas acceeee 30 inches. 
Diameter of engines... .........-..2+. Pies 
eed. eer eee 10 feet. 
1 a 34 inches. 
aicig: gure 8405060656505) 26. 
gk ee 3 incbes. 
Heating surface of flues..... ......... 204 sq. feet. 
“2 = eee 59 = 
Total heating surface...............-. 263 
I ha kins shaban Sich rigs mall 12 
Heating to grate surface........ ..... 22 to 1. 
ee rere 12 inches. 
No. revolutions of engine ............. 32 to 35. 
er err 140 pounds. 


The boat has a small cabin forward semicircular in plan, 
of which the pilot house, six feet square, forms a part, and 
enables the pilot to get out quickly on deck to handle lines. 
The exhaust steam passes through a heater consisting of a 
5 inch boiler flue in which are contained five 34 inch water 
tubes connected with the feed pump. The steam can be 
exhausted in the stack for draught. or outside at will. The 
feed pump is a Rival No. 3, of the McGowan patent, and is 
an excellent and reliable boiler feeder. The engines are 
provided with slide valve and link motion, and can be worked 
expansively or reversed by means of the usual lever and 
segment, The feed pump draws its supply from a wel! 18 
inches in diameter, of irop. The boiler furnishes a super- 
abundance of steam and is easy to fire; all the flues are 
submerged. The boat makes 74g miles an hour against the 
Mississippi current, and can steam nine to ten miles per 
hour in still water. The arrangement of boiler and engines | 
has proved perfectly satisfactory , and the boat has proved a | 
handy little craft. Tows two barges, 80 feet by 16 feet, 
loaded to 314 feet with stone, and runs in still water. She is 
used for towing barges in the canal and in the rapids. Her | 
crew consists of three men—pilot, engineer, and fireman. 


THE AMERICAN DREDGE BOATS AT PANAMA 


To the Editor of the Scientific American : 

In the last number of the Screntir1c AMERICAN SUPPLE- 
MENT you publish a translation from Le Genie Civil about 
the Panama Canal. 

The writer indulges in criticism about the American 
dredges of Huerme, Slaven & Co., gg | that they | 
had not commenced to dredge io time. But he does not} 
State that the canal company, according to the contract, was_ 
to prepare the channel up to where the American dredges | 





| year, and the proportion of sick is not over 10 per cent. upon 


| locomotives, cars, and other machinery, and I believe that 
|our reputation for effective machinery will vot suffer for 
this introduction. Time will tell. It is a pity, however, 
| that so far but few of our American contractors have taken 
a band in the canal. It is just such work as suits their apti- 
tude for improvising. The company is said to possess aim- 
ple means; they have opened an office in this city. Why 
don’t we take a band in, instead of amusing ourselves read- 
ing the idle and untruthful vaporings of certain newspapers 
| pretending to be informed but totally ignorant of facts? We 
|are not very busy at present in railroad building, and we 
have. I believe, but one canal being dug—the Cape Cod; why 
not turn our eyes toward Panama? Newspapers—yclept 
Truthful James—bave given a terrible account of the insalu- 
brity of the Isthmus climate, yet [ am informed the statistics 
of the company show a decrease of 50 per cent. in the num- 
ber of cases of sickness this year compared witb the previous 





the number employed. What becomes then of that famous 
falsehood—so often quoted that those who first uttered it 
almost believed it since—that there lies adead man under |column, A. In this it descends to the bottom shelf, and 
every tie of the Panama Railroad? If you want to kill a dog, | flows (free from volatile ammouiacal compounds) tbrough the 
first call bim mad. Mr. Editor, much might be said on this | long pipe,JZ, almost to the bottom of the decomposing 


thence through the pipe above into the top chamber of the 








topic of the canal at Panama, but [ cannot abuse your space. 
It is gratifying, however, to see that truth is gradually 
piercing the mass of black clouds gathered around this bu- 
manitarian enterprise by parties interested in rival ‘enter- 
prises, and those who, through a mistaken national feeling, 
bave opposed it unwittingly. 

AMERICANO. 


LIME CARTRIDGES FOR BLASTING. 


AT a recent meeting of the Manchester Geological Society 
Mr. F. M. Still read a paper on the above subject, in which 
he described the process that had been adopted by Messrs, | 
Smith & Moore, at their Shepely Collieries, Derbyshire, | 


where the use of powder had been prohibited after a} 


disastrous explosion in their mine. The great cost of wedg- 

ing the coalinduced Messrs. Smith & Moore to experiment | 
with the view of utilizing the expansive power of lime as | 
an efficient agent for breaking down coal, and the result had 
been most successful. They had been euabled to secure 
absolute immunity from danger of explosions of gas; greater | 
safety in the working places, as it was unnecessary for the 

workmen to retire while the charges were being exploded; 

economy of timber, as the roof was in no way affected or] 
shaken; a very much greater percentage of round coal; | 
while the collier was enabled to work not only without the | 
laborious process of breaking down the coal by wedges, but 
avoided the numerous accidents consequent upon their use. 
In the manufacture of the cartridges — pure carbonate | 
of lime was used; this was compressed by hydraulic power, 

and the die in which the cartridges were formed was 2 
inches diameter and 7 inches in depth. A pressure of 








| vessel, B. In this the fixed ammonaical compounds are 
decomposed by being boiled with milk of lime, which is 
pumped in G; the boiling being effected by a special steam- 
pipe, P. The supply of steam is so adjusted that the liquor 
| which overflows into the lower column, C, is clear; the re- 
| moval of the superfluous lime being effected, and the agita- 
tion being checked, by means of a perforated diaphragm. In 
tbis column the liquor is deprived of its ammonia, and the 
| waste liquor collects in the lower portion, D, and is run off 
| through the cock. The steam for the operation enters the 
column, C, by the pipe shown; and then passes from the top 
|of this column into A, from the top of which it flows with 
the ammonia into the leaden bell, F, placed in the open 
leaden sulphuric acid tavk, E. The gases liberated pass 
into the heater, J. In this the steam with which they are 
mixed is condensed, and they are led to a furnace. 


THE LIQUEFACTION OF OXYGEN AND THE SO- 
LIDIFICATION OF CARBON DISULPHIDE AND 
ALCOHOL. 

By S. V. Wrospiewsa«t and K. O.szewskr. 


THE authors obtain a temperature low enough for the con- 
gelation of carbou disulphide and alcobol, and for the lique- 
faction of oxygen by allowing liquid ethylene to boil ina 
vacuum. The temperature produced depends on the perfec- 
tion of the vacuum. The lowest point reached by the au- 
thors was —136°. At —135°8° oxygen liquefies under a pres- 
sure of 42°5 atmospheres. Carbon disulphide solidifies at 
—116°, and absolute alcohol at —130°5°.—Journal fur Prak- 
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THE SAND BLAST FILE SHARPENER 


A REMARKABLE characteristic of some inventions is the | away. 
frequency with which some new application presents itself. | face, and moved by suitable mechanism regularly over the 
With a jet using 6 horse power of steam | agent acting indifferently on all parts alike, would seem as 


This is necessarily an attribute o 


inventions rather of the| whole surface. 


| steam blast cast tron stencils, 4 in. to 4¢ in. in thickness, are | 
| used to protect the surface which is not required tobe cut 
The blast is then directed at right angles to the sur- 


The > mayer pee of thesystem to sharpening files is an 
illustration of what we have said above, for it could not have 
been at all clear that its use for sucb a purpose would be suc- 
cessful. To propose to sharpen a file by some abrading 





vature of a process, than of a specific article for carrying | at 60 lb. to 70 lb. per square inch pressure. and 114 cubic | reasonable as to ,.opose to sharpen a saw with a grindstone. 


out any one part of a process or operation. 


The very pretty | feet of sand per hour, 14¢ to 10 cubic inches, according to 


process for ornamenting glass by means of the attrition effect-| the hardness of stone, may be cut away per minute. 
at a high velocity against its sur 


ed by fine sund projecte 


AI) 


{VN 


SAND BLAST 





THE 


face, invented by Mr. B. C. Tilghman, Philadelphia, in 1870, 
is an illustration of one of these, 
years through which the winds and the waters have driven 


detrital matter in various directions over the world, sand has | 


acted as a powerful abrading medium, and masonry of the 

reatest antiquity has better withstood the —— activ- 
ity of all other agents than it has that of wind carried sand. 
It was left, however, to Mr. Tilghman to apply to the wants 
of man this capability of fast moving sand to cut the hardest 
materials. The process was matured by him, and first used 
to cut stone for building and other purposes, the sand being 


Fic | 





ANS 


impelled by steam at a pressure varying from 60 lb. to 325 
lb, per square inch. ‘The process consists in projecting sand 
at a great velocity by a jet or jets of air or steam against 
any hard surface, by which means the hard substance is slow- 
ly or rapidly worn away according to the velocity of the 
current or blast of sand. With quartz sand driven with 
high pressure steam, granite crumbles away like a pile of 
sand under a falling stream of water. and even corundum 
can be drilled or grooved with ease 


of all substances, cannot withstand its action. With the 





During the millions of | 





Diamond, the hardest. 


| The steam and high-pressure air blast is used for several 





FILE SHARPENER. 


otber purposes, such as cleaning brass and iron castings. 
sheet iron and steel for tinning or otherwise, frosting and 
ornamenting silver and electro-plated articles. For this 
purpose we mentioned its use at Swindon Works. For 
Ornamenting and frosting sheet glass, gas and lamp globes 
| and chimneys, table glass, etc., a blast of air produced by a 
blower of 1 lb. persquare inch and below is found most suit- 
| able. The stencil or protection for producing ornaments on 
glass articles varies according to the intricacy of the dexign, 
| the depth of cutting, and the number to be produced. In 
'some cases lace or other open material is cemented to the 


"A TTT 


surface and used as the stencil by which a facsimile of the 
lace is indelibly engraved on the glass. Photographs by the 
gelatine method transferred upon glass may be used as sten- 
cils, and then subjected to the blast, by which the most 
beautiful and intricate designs may be reproduced on glass. 
Among the odd things to which the process is applied is the 
ornamenting of buttonsand marking glue. It has been sug- 
gested and tried among others for cleaning the outside of 
public buildings in London, and cutting tunnels through 
rock, 


| about three dozen per hour can be cleaned. 
| accident of the sand blast process that it cleans the files as 


| To this work, however, the process has been most success. 
| fully applied. In the annexed engraving we give a general 
view of the whole apparatus, and in Figs. 1 to 38 the details 
| of the jet nozzles. rom the perspective, Fig. 7, it will be 
| seen that the apparatus consists of a vertical sheet iron cylip- 
drical vessel, the lower part of which is an inverted cone fitted 
| with a valve opening outward. At the mouth of an open- 
ing in one part of the vessel are arranged two pairs of jet 
nozzles, those of each pair being placed with such relation 
|1o each other that the jets from them converge at an angle, as 
| shown at Fig, 6. The jet nozzles are shown clearly at Figs, 
1, 2, and 8. The case casting, A, shown in section at Fig. 
3 is provided witb a lip, D, on which a pair of thin chilled 
| iron lip castings, G, are clamped by the screw, F. As shown, 
these lip castings are made so that when placed together they 
| form a narrow flat nozzle slit. Into this slit is blown by 
steam at about 50 lb. per square inch, through the smal] 
round holes shown in section at Fig. 3,and in end view 
below Fig. 2. The number and size of these holes depends 
on the work to be done. In using this apparatus, steam is 
turned into the nozzles, and the short pipe, B, connected to 
the bottom of the conical part of the vessel, has shown by 
\India-rubber tubes, Into the bottom part of the vessel 





Fic.s 


is placed a quantity of very fine sand, with water, and when 
| the steam is turned on intothe nozzles, an induced current 
brings up the sand, and it is projected with the steam at 
whatever may be placed under it, the steam and sand being 
blown into the cyliudrical vessel, and as the steam condenses 
falling tothe bottom thereof. The operator has the files, 
which have to be sharpened, held in long gas pipe handles, 
| into the ends of which have been driven a plug of wood, 
| supplied to him by a boy, and he then holds one file at a 
/ time in the position shown in the perspective view, Fig. 7, 
and at Fig. 6. The file is not held still, but is moved to and 
fro, resting upon a slip, H, of gun metal, the file being also 
occasionally turned over. The slip, H, not only forms a 
rest, but as the operator moves the file backward and for- 
ward upon it he learns when the file has reached a good cut- 
ting state. As faras the sharpening is concerned this is the 
whole operation. If files of another and very different 
|width are to be sharpened, the other pair of nozzles is 
| turned into the opening, and the first pair turned out. It 
| will be easily understood that a little practice is necessary to 
enable a man to make the best job ofa file. In Figs. 4 and 
5 are sections of file teeth. Fig. 4 shows the form of the 
teeth as they come from the file cutteror machine. From 
this it will be seen that the upper part of the tooth is turned 
backward somewhat, and the top is ratherweak. The ef- 
fect of the sand blast is to remove this bent-over or round- 
ed top, and to take off the tops of the extra high teeth. The 
form is then shown at Fig. 5. It might be expected that the 
sand would cut the point or fine edge of the teeth, but this 
is not the case, for smooth files are improved as much as 
those of the coarser descriptions. The sand used is exceed- 
ingly fine, and isthe waste material resulting from the 
grinding of plate glass. It is so fineasto be like smooth, 
clean mud, and it seems almost remarkable that this will do 
the work. 

At the Bellefield Works, Sheffield, of the Tilghman Sand 
Blast Company, there is a 40 horse power boiler, and an- 
other of similar size being fixed. The one supplies steam to 
two sets of sharpeners and to the cleaning tanks, to be here- 
after mentioned. With this boiler, costing say £10 per 
month for coal, the company can do file sharpening work to 
the value, we are informed, of about £500, those files which 
are sharpened fur other manufacturers being charged for at 











about 5 per cent. of the value of the files. It should be 
here stated that the company does not, as a rule, sharpen 
worn files at these works. The business is confined tuo 
sharpening new files, and we may at once say that the dif- 
ference between the cutting power and smooth working of 
a new file before and after blasting is so great that no one 
who has tried files so sharpened would ever afterward use 
files that had not been so treated any more than they would 
buy unfinished articles of other kinds. We have ourselves 
used them, 

In the ordinary way cleaning files after the nandeneng and 
tempering processes is a dirty, laborious operation. They 
have to be scoured with brushes and sand by hand and then 
put into lime-water and dried. By one workman, ooly 
Now, it is an 











well as sharpens them. As they pass from the sand blast 
hand they go to a boy, who passes them under a jet of hot 
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water, which cleans out sand sludge, and the file being then 


hot, it dries of itself. The company is making a sand blast 
ap tus specially for cleaning files at the rate of about 
thirty dozen per hour, by means of low pressure jets set at 
a suitable angle. Before the company used the hot water 
jet one man used to be employed in brushing the dried sand 
mud out of the files at the cost of one man for each machine 
and 6s. per week for brushes. Nowa lad does all. With 
ove machine like that illustrated 14 in. files may be sharp- 
ened at the rate of—flat bastard,5 to 8 dozen per hour; second 
cut, 10 to 12 dozen; smooth, 12 to 15 doz; balf round bastard, 
4 to 6 dozen; ditto second cut, 8 to 9 dozen, and so on. 

The apparatus is now being used a good deal at home and 
abroad by private engineering and other firms and railway 
companies, tosharpen worn files, which it does at a very low 
cost.—The Engineer. 


KRAKATOA. 
WE give herewith a sketch of the island of Krakatoa, in 
the Straits of Sunda, near the island of Java, which sud- 


denly disappeared during the terrible earthquakes of Au- | 
| a heavy rain of cinders and lapilli destroyed such trees and 


gust 25 and 26 last. A large area of bhaivitable territory 
was submerged during this extraordinary convulsion of na- 
ture. One hundred thousand people lost their lives, most of 
them being overtuken by the great waves which came from 
the sea, and swept injand for several miles. Our engraving 
is from the Illustrated London News. 


EARTH MOVEMENTS IN JAVA. 
By RicHARD PROCTOR. 


TxHosE who in recent times have begun to doubt whether 
the records of ancient earthquakes can possibly be veracious 
—whether tens of thousands of buman beings have ever 
been destroyed by earththroes—must bave had their doubts 
displaced by the account of the terrible earthquake in Java. 
Here not only such numbers as the ancient records mention 
have perished, but the aspect of an extent of earth surface 
to be measured certainly by hundreds of thousands of | 
square miles has been altered. The earth fashioning power | 
of vuleanian forces has been displayed, as Sir Charles Lyell | 
lung since showed that they may be displayed in our own! 








was it with Galungung. No tradition remained among the 
people that this mountain had ever been in eruption, though 
a circular bollow at its summit showed the student of geo- 
logy that the mountain had once been an active volcano. 
It was noticed in June, 1882, that the waters of the river 
Kunir, or Chikunir, one of several flowing from the flanks 
of Galungung, were hot and muddy. They deposited a 
white powder, exhaled a sulphurous odor, and became acid 
and bitter to the taste. On October 8, at one in the after- 
noon, terrible roarings were beard. The mountain was im- 
mediately hidden by a dense smoke, and hot waters, muddy 
and sulphurous, poured from all sides down the flanks of 
the mountain, destroying and bearing away all that they 
encountered in their passage. With lhemeer men saw, says 
Léopold de Buch, the river Chiwulem, at Badang, carrying 
down toward the sea an immense number of corpses of men 
and animals—riinocerases, tigers, stags, and even entire 
houses, For two -hours, he goes on, this eruption of 
hot and muddy water continued; but these two hours 
suffice to consummate the ruin and the devastation of a 
whole province. After it ceased (at three in the afternoon) 


fields as hitherto had escaped. At five cali was restored, 
and the mountain reappeared. But all the villages around, 
every single babituiion, to a distance of several leagues from 
the mountain, bad been covered in by mud, On the 12th, at 


destruction, On this occasion the torrents of hot and 
muddy water rushed so violently toward the valleys that 
they bore with them rocks and forests (des forets enticres) in 
such sort that hills were raised in parts where a moment 
before there had been put a plain. ‘It was soon impos- 
sible,” adds De Buch, whose account we have followed, 
“to recognize this valley, formerly so fertile and so well 
peopled.” 

Sir Charles Lyell, speaking of this eruption, says that 
‘immense columns of hot water and boiling mud, mixed 
with burning brimstone, ashes and lapilli of the size of puts, 





were projected from the mountain hke a waterspout with 

such prodigious violence that large quantities fell beyond 

the river Tandui, which is forty miles distant.” 

—- energy of ejection has been doubted. If the Tandui 
i 





ginning of this century, had long been supposed dead, 20 | which were far from the cone; they were buried) like Her- 


seven in the evening, the mountain again began its work of | 


culaneum and Pompeii, under a mass of ejected maiétr.’ - 
Junghubn infers that the tage of the mountain was 
for the most part to explosion rather than ingulfment 





there seems to me no sufficient reasons for disbelieving the > 
statemeuts made in 1772, to the effect that the flanks of the 
mountains fell in before the eruption began. About 3,000 


perished on this occasion. 

It has been noted, and with justice, that several circum- 
stances in the eruption of Papandayung, in 1772, resemble, 
though on even a grander scale, the tremendous eraption of 
Vesuvius in the year 1879. The reduction of the crater in 
height corresponds to the change in the beight.of Somma, 
the ancient crater of Vesuvius, when, after many centuries 
of quiescence, the volcano again became active. Moreover, 
us Sir Charles Lyell says, it is probable that a new cone will 
one day rise out of the ruins of the ancient Papandayung, 
evev as the modern Vesuvius has risen from the remains of 
Somma. 

The earthquake of Sumbawa, in 1815, belongs to the dis- 
turbances which we associate with the Javan volcanic sys- 
tem, although Sumbawa is about 200 miles from the eastern 

| extremity of Java. Yet this earthquake is related to the 
| Juvan disturbances somewhat as the Chilian earthquakes 
}are related to those in Peru; they indicate movements on 
| opposite sides of a sort of center of relative quiescence. It 
| is, indeed, noteworthy that Sumatra, Java, and Bali (the 
small island between Java and the straits of Lombok) may 
be regarded as forming a single volcanic region; while those 
on the other or eastern side of the straits of Lombok, in- 
cluding Lumbawa, belong to a different region of volcanic 
disturbance. The straits of Lombok, though narrow, de- 
serve to be regarded as forming a special dividing live be- 
tween two distinct regions; for the simple reason that the 
straits of Sunda, and the passages between the various is- 
lands between Java and the Lombok straits, are demonstrabl 

of much more recent formation than the deep rift throug 

which the straits of Lombok flow. ‘* The straits of Lombok 
|are only fifteen miles across,” says Lyell, ‘‘less wide than 
the straits of Dover; and yet the contrast between the ani- 
mals of various classes on both sides of this narrow channel 


This stu- | is as great as that between the old and new worlds.” 


It is, indeed, surprising that the difference, not only in 


ver was really overpassed by the range of these lapilli, the ' species but iu genera, should be as great between the fauna 





THE ISLAND OF KRAKATOA, FORMERLY IN THE STRAITS OF SUNDA, SUBMERGED DURING THE LATE VOLCANIC ERUPTION IN JAVA. 


times; and the truth is made clear to us that though the 
period of volcanic disturbances, in which the mountain 
ranges were formed, may be removed by hundreds of thou- 
sands of years from the present era, yet this era isin truth 
part of that remote one. The earth’s frame is still instinct 
with the fiery energies to which the Alps and the Apennines, 
the Himalayas, tbe Andes, and the Rocky Mountains owe 
their formation. 

The region of disturbance in which the recent great earth 
quake occurred has long been known to geologists as one in 
which the earth’s subterranean forces show themselves most 
actively. It has been said of the whole range of islands, 
from the Aleutian Islands to Sumatra, extending along the 
eastern and southern coast-line of Asia, that they are but the 
upraised parts of a region of the earth’s crust which is simply 
alive with the action of subterranean forces. Professor 
Milne, of Japan, has said of 2 portion of this region, and 
certainly not the most active portion, that earthquakes are 
in reality of almost momentary occurrence, though it will, of 
course, be understood that in so speak..~ he refers not to 
earthquakes which can be clearly felt, s Il less to those 
which can destroy life, but to those undulat ons and oscilla- 
tions of the earth’s crust which, impercept' ,le by ordinary 
observation, are rendered evident by the action of delicate 
seismometers. 

Java itself, though it has not been heretofore the scene of 
quite such disastrous earthquakes as have occurred in other 

laces (as, for instance, in Sicily and Calabria in the Old 

orld, and in Peru and Chili in the New), is nevertheless 
one of the most singularly volcanic regions of the earth. 
There are thirty-eight large volcanoes in Java, some of which 
are more than 10,000 feet in height. It isa peculiarity of 
the earthquakes in this region that they seldom eject lava, 
but enormous masses of mud—‘‘ rivers of mud,” they have 
been called - flow from them. Enormous quantities of sul- 
phur are also emitted, with sulphurous vapors poisoning the 
air for miles around. Van der Boon Mesch, speaking of 
the eruption of Galungung, in Java, on October 8, 1822, 
says that the mountain began to belch forth hot water and 
a mass of mud and burning sulphur, and the streams of | 
these overflowed fields distant more than ten miles from the 
mountains. 

This mountain of Galungung is situate in the interior of 
Java, far from the séene of the recent earthquake. In 1822 
its sides were covered with forest-trees. All around was a 
fruitful region, and the district was inhabited by a numer- 
ous and thriving community. Even as Vesuvius, at the be- 








distance traversed certainly exceeded forty miles, as Mr. 
Pe:cock has shown in a recent work (‘* Saturated Steam the 
Motive Power in Volcanoes and Earthquukes”), In fact, on 
the shortest distance between Galungung and the Tandui 
River there are forty geographical miles, or forty-six Eng 
lish miles. The range is enormous. Our most powerful 
cannon, in which all the forces exerted are carefully directed 
to »%btain velocity of outrush, will not propel missiles, even 
whe. these are specially prepared to travel with the least 
possi le resistance through the air, to a greater distance than 
sever or eight miles. Eruptive forces capable of projecting 
ligb. matter to a distance of over forty miles, though the 
chief part of their energies must of necessity have been en- 


of Lombok and the fauna of Bali as we usually find only 
where a wide ocean flows between two regions. On one side 
we have the fauna proper to the Indian region, on the other 
the Australasian fauna. This extends to the buman race. 
On one side of the straits of Lombok we have the Malayan 
type, and on the other the Pacific type (including Pupuans 
und Polynesians, as well as Australasians), So far as human 
races are concerned, we can infer nothing as to a past con- 
nection between Sumatra, Borneo Java, and Bali, on the 
one band, and between Celebes, the Moluccas, New Guinea, 
Timor, Floris, Sumbawa, and Lombok, on the other; for 
men could readily cross from island to island. But when 





we find all races of animals iv one set of islands akin to 


gaged in ejecting the torrents of mud and water which each other, and those in the other set akin to each other but 
changed the whole aspect of the region round the voleano, | altogether distinet from the former, it becomes as certain 
must bave been of terrible might. As thestraw shows which | that the straits of Sunda, and the other straits separating 
way the wind blows, so the fall of one of the least and bigh- | each set of islands, were of comparatively recent formation, 
est of these lapilli beyond the Tandui shows the fearful na- | as that the straits of Lombok must have been wn impassable 


ture of the forces at work beneath Galungung. It is note- 


barrier for all «animals, except those domesticated by man, 


worthy, however, that the forces exerted within the moun- | for periods of time of much greater duration, 


tain seem to bave been directed at a considerable angle to 
the vertical. 


The earthquake of Sumbawa in 1815 was comparable 


Had the mud and water and lapilli been pro-| with the recent earthquake so far as the material changes 


jected equally in all directions above the horizon, the quau-| wrought by it were concerned, though pot in the destruc- 
tity falling around the mountain would bave been greater | tion of life and property. ‘Tbe eruption began on April 5th, 


near the crater than at a distance from it. 


the boiling mud and cinders were projected with such vio- 
lence from the mountain, that while remote villages were 
utterly destroyed and buried, otbers much nearer the volcano 
were scarcely injured.” 


“to such a depth with bluish mud, that people were buried 
in their houses, and not a trace of the numerous villages and 
plantations throughout that extent was visible ” It was estim- 
ated that about 4,000 persons perisbed on this occasivn. 
The eruption of Papandayung in 1772 was even more ter- 
rible, though we have not records so complete. Formerly 
Papandayung was one of the highest volcanoes in Java. But 
suddenly the sides of the mountain gave way. A region 
fifteen miles long and six broad was ingulfed. Forty vil- 
lages were destroyed, some disappearing with the ot ee | 
earth, others being buried under the masses of mud anc 
clay thrown out from the mountain. The cone was reduced 
from 9,000 feet in height to about 5,000. In this case, as in 
the eruption of Galungung, the ejected matter reached 








A space of twenty-four mountains | 
between the mountain and Tandui was covered, Lyell adds, | in Ternate on the east, at a distance of more than 
|miles—that is, over a range of more than 1900 miles, a 


But actually the | though it is noteworthy that in April, 1814, the volcano had 
| reverse was the case. For it was remarked, says Lyell, ‘that | given signs of activity, ashes flung from within it baving 
| fallen on the decks of 


passing vessels. The sound of the 
explosions which accompanied the beginning of the earth- 
quake-throes on April 5, 1815, were heard in Sumatra on 
the west, at a distance of more than 700 Englisi miles, —_ 


distance equal to nearly a quarter of the earth's diameter. 
Of 12,000 persons in the province of Tomboro, in Sumbawa, 
only twenty-six survived. The progress of the earthquake 
was accompanied by violent atmospheric disturbances, 
whirlwinds of tremendous force tearing the largest trees up 
by the roots, and carrying into the air men, horses, cattle, 
and whatever else was encountered in their course. Houses 
at Bima, forty miles east of the center of disturbance, were 
rendered uninhabitable by heavy falls of ashes On the 
west, the ashes from the volcano were carried still farther 
—viz., fully 300 miles—in sufficient quantities to darken 
the air! In Celebes, 217 miles from Sumbawa, a similar 

henomenon was observed. It is said that in Java the 


enormous distances; for Junghuhn, who examined the moun- | darkness caused by the ashes was deeper than that of the 
Mr, Crawford states that some of the finer 


tain in 1842, found that towns and villages were destroyed | darkest night. 
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particles of the volcanic dust ejected from Sumbawa were land, shows that the last Javan earthquake has surpassed 
carried as far as Amboyna and Banda, the latter island be- all previous ones of which any records have reached us, in de- 
ing about 800 miles east of the volcano. 
As the southeast monsoon was at its height, and would | amount of material change which it bas wrought. The fact 
have carried the dust in the opposite direction, the volcanic | that the straits of Sunda have been so changed that the pass- 
dust must have been projected into those upper regions of | age is no longer safe for those using the old charts, speaks 
the air where the counter-current prevailed. The dust} clearly enough on the last point. 
formed a fine, almost impalpable powder, yet when com-| nean forces at work in this part of the earth’s surface are as 
pressed it was found to have considerable weight, a pint | energetic as those whose efforts have been observed any where 
weighing twelve ounces and three-quarters. As in the re-| in either hemisphere. 
cent earthquake, and in the great earthquakes of Peru, the € 1 J 
sea played an important part in the earthquake of Sumbawa. | ceat earthquake, spreading at least as far as San Francisco, 
The town of Tomboro was overflowed, the sea remainihg | there are no sufficient reports at the moment when these 
eighteen feet deep where before there had been land. But | lines are written. We hear that on the day following the 
far beyond the limits of Sumbawa, a wave, varying in | earthquake a series of waves flowed in at San Francisco, 
height from two to twelve feet, rolled upon the shores, At | the water rising one foot at intervals of about an hour, and 
Bima every proa and boat was forced from its anchorage | several hours passed before the abnormal undulation of the 
and flung on the coast. water ceased, This wave, by the way, was absurdly de- 
The oscillations of the earth, with subterranean rumblings, | scribed in several newspapers asa tidal wave—a term which 
bellowings, and so forth, were noticed over an area about | is, to say the least, misleading. Ifthe word tidal-wave be 


struction of life and property, and probably also in the} 


t shows that the subterra- | 


With regard to the great sea wave which followed the re- | 


God's laws in time also. By virtue of the force of gravity 
_ pervading her whole frame, the crust of the earth is continu. 
ally undergoing changes, as the loss of heat and consequent 
contraction or chemical changes beneath the surface jeave 
room for the movement jnward of the rock-substances of 
the crust, with crushing, grinding action, and the generation 
of intense heat. If the earth’s energy of gravity were Jost 
thé internal fires would die out—not, fleek quickly, but 
ina period of time very short compared with that durin 
| which, maintained as they constantly are by the effects of 
internal movements, they will doubtless continue. They 
are, in a sense, the cause of earthquakes, volcanoes, and so 
forth, because they prepare the earth’s interior for the action 
of her energies of attraction. But it is to these energies and 
' the material which as yet they have on which to work, that 
the earth’s vitality is due. She will not, indeed, retain her 
vitality as long as she retains her gravitating power. That 
power must have something to work on. hen the whole 
frame of the earth has been compressed to a condition of the 
greatest density which her attractive energies can produce, 


1000 miles in diameter around Sumbawa as a ceuter, This | understood, as it usually is, to refer to waves raised by the | then terrestrial gravity will have nothing left to work on 


would correspond to an area of about 800,000 square miles. 
It included the Moluccas, Java, and a large portion of Cele- 
bes, Sumatra, and Java. 

Sir Charles Lyell calls attention to the fact that but for 
the accidental presence of Sir Stamford Raffles in Java (as 
governor) we should scarcely bave heard in Europe of this 


action of the moon and sun, then the expression as applied 
to the wave raised by an earthquake is altogether incor- 
rect. 
Now in the case of the great earthquake of Peru, on Au- 
ust 13, 1868, a much greater sea-wave was generated, so 
ar at least as the recorded disturbance at San Francisco en- 





within the earth, and the earth’s globe vill be to all intents 
and purposes dead. She will continue to exercise her at- 
| tractive force on bodies outside of her, She wili rotate on 
her axis, revolve around the sun, and reflect his rays of light 
/ and heat. But she will have no more life of her own than 
| has the moon, which still discharges all these planetary func. 


tremendous disturbance of the earth’scrust. He was told | ables us to judge; for at Yokohama—which is considerably | tions, yet has a surface arid and airless, dreary, desolate, aud 


that similar effects, though in less degree, had accompanied 


| farther from Peru than San Francisco is from the Sunda 


an eruption of Carang Assain, in Bali, west of the straits of | Straiis—an enormous wave flowed in on August 14, 1868, 


dead, 
But such disturbances as the recent earthquakes, while 





Lombok, seven years before; but of that disturbance no/| At less, but still vast distances the effects of the great sea- | disastrous in their effects to those living near the shaken re. 
records have reached us, wave were still more remarkable. Thus some of the Isles! gions, assure us that as yet the earth is not near death. She 

The earthquake of January 5, 1699, in Java, was re-| of the Tuomotu group were completely submerged. In the | is still full of vitality. Thousands—nay, tens, hundreds of 
markable chiefly for the great number of shocks which | lonely Oparu Isle, the coaling station of the Panama and | thousands—of years will still pass before even the beginning 
were noticed during its progress, no less than 208 having| New Zealand steamships was visited by a billow which | of the end is seen, in the steady disintegration and removal 


been recorded. The center of disturbance seems to have 


swept away a portion of the coal depot. Great 


of the land without renovation or renewal by the action of 


been Mount Salek, a volcano six days’ journey from Bata-| waves continued to roll in here at intervals of about twenty | subterranean forces.—Contemporary Review. 


via; yet in thiscity many houses were overthrown. The 
Batavian River, which rises in Mount Salek, became very 
muddy and rose high above its banks. It bore down bushes 
and trees, partly burned. The water overflowed the gar- 
dens round the town so that dead fishes were found strewn 


| minutes, and several days passed before the sea resumed 
its ordinary ebband flow. The effects observed on the shores 
| of New Zealand were still more remarkable. The water was 
observed to retreat at Port Littleton, until the port was left 


| THE AMERICAN SCHOOL AT ATHENS. 
THE recent public meeting of the Archeological Institute 


entirely dry, and it so remained for about twenty minutes. | of America, in Huntington Hall, Boston, was very well at- 


over them when the waters retreated. Drowned buffaloes, | Then the water was seen returning, likea wall of from ten 
tigers, rhinoceroses, deer, apes, and other wild beasts were | to twelve feet in height, wnich rushed with a tremendous 
carried down by the current. Crocodiles were killed,| noise upon the port and town. Toward five, the water 
though the river was their home, Nay, all the fish in the} again retired, very slowly as before, not reaching its lowest 
river were killed, except only the carp. The accounts of | ebb till six. An hour later, another enormous wave rushed 
the earthquake state that seven hills on the river banks | into the port. Four times, we are told, the sea retired and 
sank down and filled the channel of the river, and the | returned with great power at intervals of about two hours. 
waters, baving to find their way under the mass of the earth | Afterward the waters began to be less disturbed; but it was | 





tended. 

The object of the meeting was to hear reports from Pro- 
fessor W. W. Goodwin, the first director of the American 
school of classical studies at Athens; from Mr. J. T. Clarke, 
the leader of the expedition to Assos; and from Professor 
W. R. Ware, who visited the scene of the excavations at the 
close of the work last summer, 

The Hon. Martin Brimmer presided, and among the dis- 


thus thrown across the river from either side, flowed out, 
thick and muddy, beyond these obstructions. The Tan- 
garan River was similarly dammed up by no less than nine 
landslips; for doubtless Sir Charles Lyell is right in con- 
sidering that, when the accounts speak of the fall of bills 
into the river, great landslips only were meant. 

It is singular that in a later earthquake in Java—namely, 
the earthquake at Batur in 1786—a river was forced by the 
changes which took place in the banks to pursue a subterra- 
nean course, The river Dotog began, after the earthquake, 
to pour into one of several newly formed rents, and it bas 
ever since continued to flow along the new course which it 
formed for itself underground, 

It appears from all the records of Java, earthquakes and 
volcanic disturbances, that the feature noticed at the outset 
is really characteristic of subterranean disturbances in Java. 


As De Buch has said, it would seem that the effect of vol- | 


canic action in Java is to develop enormous quantities of 
sulphurous and aqueous vapors, which, attacking the rocks 


| not until the 18th, or four days after the disturbance began, 
that the regular ebb and flow of the tide was resumed, 

It is probable that before these lines appear, pews will 
have come in from several seaports and islands where sea 
disturbances caused by the recent earthquake have been ob- 
served. But already it is tolerably clear that the oceanic dis- 
turbances at equal distances were not to be compared with 
those which followed the great Peruvian earthquake of 1868 
(a complete record of these remarkable phenomena is given 
in an essay entitled ‘‘ The Greatest Sea-Wave ever Known,” 
in the first series of my ‘‘ Light Science for Leisure Hours ”’). 
I am inclined, indeed, noticing the relatively small oceanic 
oscillation observed at San Francisco, to regard with some 
doubt a few of the more stupendous phenomena which have 

‘been described in some papers, and especially in one New 
York paper, in connection with the recent earthquake. 

And now it remains that a few remarks should be made 
on the evidence which such disturbances as those in Ischia 
and Java afford of terrestria! vitality. The material life of 


forming the interior of of the mountain, decompose them |a planet is beginning to be recognized as being no less real 


into the consistence of paste, and at length, when the solid 
mass is destroyed soas no longer to be able to oppose an 
effective resistance, the vapors force their way out, and the 
fluid mass escapes through the crevices, not like a current 
of viscous lava, but as torrents of water leaping through 
every tiny opening they can find. M. Payen, painter and 
naturalist, who endeavored to approach Galunguog after 
the eruption of 1822, was prevented by masses of clay and 
numerous crevices. This destructive clay was examined 
later by M. Blume, the botanist. He describes it as of a yel- 
lowish brown color, earthy and friable, exhaling a sulphu- 
rous odor, and burning readily. Nodoubt a large portion 
of its substance was sulphur. This substance, called Bua 
by the Malays, is analogous to the Moya of the Andes of 
Quito, which (Humboldt tells us) destroyed thirty or forty 
thousand lives in the great eruption of 1798. 

The emission of enormous quantities of sulphurous va- 
pors would account for the existence of the so-called poison 
valleys of Java. The famous Guevo Upas was one of 
these. An extinct crater near Batur, forming a small valley 
about baif a mile in circumference, was thus called, on ac- | 
count of its deadly character, the words meaning Val- 
ley of Poison. It was, and probably still is, a region of | 
terror to the inhabitants of the surrounding region. Sir 
Charles Lyell says that every living being that penetrates 
into the valley falls down dead, and that the soil is covered 
with the carcasses of tigers, deer, birds, and even the bones 
of men. Tualaga Bodas is another crater described by 
Reinwardt as a poison valley. Pakamaran, a small de- 
pression in a gorge of the Dieuge Mountains. bas a similar 
reputation; but when visited by Dr. Otto Kuntze recently 
it was found to be perfectly free from the lethal qualities 
attributed to it by the inhabitants of the neighborbood. It 
is approached by two foot paths, winding downward from 
the hills around the valley. Disregarding the entreaties of 
his servants, Dr. Kuntze entered the valley of death by one | 
of these paths,and having traversed the valley in several di- 
rections, left it by the other path. ‘‘The natives assured 
bim,” he tells us, ‘‘ that he would find the valley choked up 
by skeletons, as even the swiftest birds flying above it would 
drop down stone dead, slain by its poisonous exhalations.” 
But he failed to find even a single bone, nor was there the 
least unpleasant odor. He therefore pronounced Pakamaran 
‘*to be an imposture, the offspring of ignorance and su- 
perstition.” Yet it is not clear that the tradition respecting 
the deatb-dealing qualities of this valley isa mere super- 
stition. Quite possibly the valley was as poisonous at some 
former time as it is commonly reputed in the neighborhood 
to be now; asimilar tradition prevailed respecting Avernus, 
no doubt long after it bad assumed its present innocuous 
condition. The name Avernus is, indeed, derived from 
the Greek Aornos, birdless, from the belief, once doubtless 
true, but now no longer so, that no bird could cross, even 
on swiftest wing, this fatal valley, without being destroyed 
by its pcisonous exbalations. 

A comparison of what has been said above respecting the 
principal volcanic eruptions and earthquakes in Java, with 
the records, so far as they bave yet reached us, of the recent 
tremendous disturbance at the western extremity of the is- 


than the life of a plant or of an animal. It is a different 
kind of life; there is neither consciousness such as we see 
in oneof these forms of life, nor such systematic progress 
as we recognize iu plant life. But it is life all the same. 
It has had a beginning, like all things which exist; and like 
them all, it must have an end. 

The lifetime of a world like our earth may be truly said 
to be a lifetime of cooling. Beginning in the glowing vapor- 
ous condition which we see in the sunand stars, an orb in 
space passes gradually to the condition of acool, non-lumin- 
ous mass, and thence, with progress depending chiefly on 
its size (slower for the large masses and quicker for the small 
ones), it passes steadily onward toward inertness and death. 
Regarding the state in which we find the earth to be as the 
stage of a planet’s mid-life—viz., that in which the conditions 
are such that multitudious forms of life can exist upon its 
surface, we may call that stage death in which these con- 
ditions have entirely disappeared. Now, among the condi- 
tions necessary for the support of life in general are some 
which are unfavorable to individual life. Among these may 
be specially noted the action of those subterranean forces b 
which the earth’s surface is continually modeled and remodel- 
ed. It has been remarked with great justice, by Sir John Her- 
sche), thatsince the continents of the earth were formed, 
forces bave been at work which would long since have sufti- 
ced to have destroyed every trace of land, aud to have left the 
surface of our globe one vast, limitless ocean. But against 
these forces counteracting forces have been at work, con- 
stantly disturbing the earth’s crust, and. by keeping 
it irregular, leaving room for the ocean in the depres- 
sions, and leaving the higher paris as continents and islands 
above the ocean’s surface. If these disturbing forces ceased 
to work, the work of disintegrating, wearing away, and 
washing off the land would go on unresisted. In periods of 
time such as to us seem Jong, no very great effect would be 
produced; but such periods as belong to the past of our 
earth, even to that comparatively short part of the past dur- 
ing which she has been the abode of life, would suffice to 
produce effects utterly inconsistent with the existence of life 
on land. Only by the action of her vulcanian energies can 
the earth maintain her position as an abode of life. She is, 
then, manifesting her fitness to support life in those very 
| throes by which, too often, many lives are lost. The up- 

heavals and downsinkings, the rushing of ocean in great 
waves over islands and seaports, by which tens of thousands 
of human beings, and still greater numbers of animais, lose 
their lives, are part of the evidence which the earth gives 
that within her frame there still remains enough of vitality 
for the support of life during hundreds of thousands of 
years yet to come. 

This vitality is not due, as seems commonly imagined, to 
the earth’s internal beat. Rather the earth’s internal heat is 
due to the vitality with which her frame is instinct. The 
earth’s vitality is m reality due to the power of attraction 

| which resides in every particle of her mass—-that wonderful 
| force of gravitation, omnipresent, infinite in extent, the 
property whose range throughout all space should have 
| taught long since what science is teaching now (and has been 
| foolishly blamed for teaching), the equally infinite range of 


tinguished persons present were Dr. O. W. Holmes, Dr. A, 
P. Peabody, Professors C. E. Norton, Hedge, J. W. White, 
and C. L. Smith of Harvard, the Hon. 8. C. Cobb, the Hon. 
Robert C. Winthrop, and Dr. Francis A. Walker. 

Mr. Brimmer began by referring to the voyage begun in 
the spring of 1878. from London, by two young Americans. 
In asmall boat, the Dorian, 20 feet long, they crossed the 
Channel, ascended the Scheldt, passed , dem the Danube, 
through the Black Sea, and ended their voyage at Athens, 
|The young men were Mr. Clarke, then present, and Mr. Ba- 
con, whose excellent work as a draughtsman had been so ex- 
ceedingly useful at Assos, Letters from Mr. Clarke, who 
was enthusiastic over the classical remains still unexplored, 
induced the Archeological Institute, under the able leader- 
ship of Professor Norton, to take steps which finally led to 
the establishment of the school at Athens, and the expedition 
to Assos. The young men began at Assos in the spring of 
1881, and their skill, endurance, and self-denial were spoken 
of in the highest terms. Their work in the reconstruction of 
that ancient city the Institute hopes to be able to publish iu 
suitable monumental volumes. He was cheered at the close 
of his remarks, and Professor Goodwin, whom he introduced, 
was warmly greeted. 

Professor Goodwin said that he believed the American 
classical school at Athens is destined to be most important 

| in its effect on Aimerican scholarship, and that its value to 
the culture of our whole country will be more thoroughly 
appreciated as its resources increase and its sphere of influ- 
ence enlarges; and it was right he should render an account 
of his stewardship, both to the Institute and to the larger 
body of educated men and women upon whose kindly inter- 
est in the undertaking success greatly depended. That there 
was a real demand for such a shea Wan abundantly shown 
by the fact that I found in Athens last October no less than 
eight American scholars, full of entbusiasm for study and 
ready to join our school, 

A school of classical studies in Athens is by no means an 
American idea or a new idea, It is probably known to you that 
the French government has supported a school in Athens for 
the past thirty-seven years, and the German government one 
for the past nine years; that learned schoiars of both nations 
are maintained there permanently, valuable libraries are kept 
up and students supported, all at the expense of the govern- 
ments at home. The French school occupies an elegant 
palace on Mount Lycabettus, commanding a view of the 
whole Attic plain, the harbors and the sea, with a large and 
costly library; and it has one of the best scholars of France, 
M. Foucart, as its director; so that every visitor in Athens 
sees at once that the French republic never forgets to cherish 
ancient arts and letters amid all its distractions at home and 
abroad. The German school occupies a more modest dwell- 
ing in the city, near the university, where one of the most 
accomplished German scholars, Professor Kohler, and his 
assistants are always doing solid work which commands the 
attention of the learned world. (The last mail has brought 
me notice of a large folio of Attic inscriptions just published 
by Kohler.) This is the center of the many German scholars 
who are constantly attracted to Athens, and is an offshoot of 
the great German Institute founded by Bunsen and Niebubr 
upon the capitol of Rome. The German government not 
merely supports both these institutions, but also provides 
several students with scholarships of about $750 a year to 
enable them to study in Rome or Athens. Meetings for dis- 
cussion are held once a fortnight at the German school 
through the winter and spring, and these with the library of 
the school are opened most bospitably to our students and to 
all strangers who may wish to attend them. Our own school 
has been temporarily established since last October, iu the 
second story of a large house near the Gate of Hadrian, 

| which is hired trom year to year. The director and his 
family have a comfortable home, and the school has a large, 
cheerful room for its library. We have from our south win 
dows a view over the rolling meadow land, stretching about 
three miles to old Phaleron, and over the broad Sarome gulf 
in which lies the lofty island of gina, visible to us in its 
whole length, and beyond this we see the hills of Argolis, 
| from Mt. Arachnaion (where Agamemnon’s signal fire on the 
| engines ot Troy was sent to Clytemnestra at Argos) to the 
point of the peninsula. On the east we have the Corinthian 
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columns of the temple of the Olympian Zeus, with Mt. Hymet- 
tas in the background, and on the west we have the Acro- 
polis, which € i ’ 
the Parthenon peeping over the wall. The English have bad 
serious plans for a school in Athens during several years; 
and last June I attended an important meeting which was 
held at Mariberengh House, in London, under the presiden- 
cy of the Prince o Wales, to consider the question. Twen- 
ty-five or th : 
or statesmen, or both (including, of course, Mr. Gladstone), 
expressed themselves with great earnestness in favor of the 
immediate establishment of an English school in Athens; 
and since the meeting I have heard that large subscriptions 
have been made for this purpose. A fourth school is there- 
fore likely to be added within a year to the national schools 
in Atheus. The third place, I rejoice to say, has already 
been taken by ourselves, and I feel that our good example 
bas done much to stimulate the activity of our friends in 
England. 

It will be seen therefore, that, even if Athens is viewed | 
merely as an ancient graveyard, there are many enthusiastic 
Old Mortalities delving there most vigorously. ‘In fact, 
Athens is rapidly becoming an important intellectual center; 
and when she is connected by railways with the other capi- 
tals of Europe, as she surely will be within the present gene- 
ration, it will suddenly be found that there is another city, 
on the Agean shore, as important and as charming as Flor- 
ence, Rome, and Naples, which cannot be omitted even in 
the hasty American tour of Europe. 

What now is attracting so many sober minded men to this 
ancient site? I cannot sayancient city, for the present city of 
Athens is hardly half a century old, and its oldest inhabi- | 
tant is now an American lady, the venerable Mrs. Hill, who 
has seen every house in the city built since she came to the 
deserted waste left by the Turks in 1831. If you really want | 
a full answer to this question, I can only say, ‘‘ Go to Athens 
and spend a winter and see for yourselves.” | 

Professor Goodwin here made an interesting statement of 
the historical advantages and stimulating associations con- | 
nected with classical study in Greece, and set forth the true 
aims of the school. He cited the work at the present time 
being done by Dr. Sterrett, one of his most enthusiastic stu- 
dents, as an example of what could be done in special lines. 
Dr. Sterrett, whe has gone into Asia Minor to explore ancient 
sites and search for inscriptions, wrote only a few days ago that 
he and the distinguished young Scotch scholar, Mr. W. M. 
Ramsey, who is with bim, have found the place they visited 
rich in inscriptions, and that thev have already revolutionized 
the map of the country. He called attention also to the fact 
that the Greeks of Athens have now a literary language in 
which all their books and all the better newspapers are writ- 
ten, which is used in official documents, and taught in the 
schools, and which all educated people can speak, and that | 
this language differs less from the Greek of Xenophon than | 
that differs from the Greek of Herodotus, and less than the 
English of to-day differs from that of four or five centuries 
ago. It is in the spirit of progress and belief that we cannot 
afford to be behind other nations in improving our methods 
and enlarging and elevating our instruction, that our Institute 
has founded the American school of classical studies at 
Athens. We Americans need such a school even more than 
any oiher nation. Germany, France, and England are all 
within a few days’ journey of Greece, and a trip to Athens, 
with an excursion to Delphi or Sparta, is within the compass 
of a month’s vacation. 

Now, after one year’s trial of our present plan, and much 
careful consideration and comparison of the plans of the 
other schools at Athens, I am very decided in my opinion 
that we must have a permanent director resident at Atheus, 
like the directors of the French and German schools, and the 
future director of the English school, if our school is to hold | 
a position on a level with the others, and is to accomplish 
work which can be favorably compared with theirs. There 
are certain things which a director ought to know, bat which 
can be learned only on the spot. Besides the many matters 
of topography and history, there is the familiarity with the 
ruins of Athens, knowledge of the best plans of traveling in 
Greece, acquaintance with the resources of Athens for the 
use of the students, with the libraries and the museums, with 
the other schools of archeology and their work, and, further, 
with the language of Greece. With all these each director 
must make his acquaintance after his arrival, and he can 
leave little of his experience for the benefit of his successor. 
This difficulty cannot be properly met, it seems to me, as has 
sometimes been suggested, by appointing a permanent secre- 
tary or other subordinate officer, to keep up the continuity 
and the traditions of the school, while the real director will 
continue to be appointed annually and will remain for only 
one year. The trouble will be, that such an officer will, in 
spite of himself, be the real head of the school, at least for | 
the beginning of each year; and it will be all the harder for 
the nominal director to secure his position when a man is 
ass»ciated with him who has all the loca! knowledge which 
students most need when they come to such a peculiarly for- 
eign city as Athens. I feel very strongly, therefore, that it 
is an absolute necessity for us to have the means to establish 
a permanent director of our school at Athens. And a man 
who can be the peer of the scholars who represent France 
and Germany, and will soon represent England, in Athens, 
cannot be found for a less sum than would endow a profes- | 
sorsbip in one of our best colleges, ¢. e., the income of $75,000 
or $80,000. Prof. Goodwin cited the fact that the choicest 
works of Greek art have been discovered within the pre- 
sent generation, and the most famous within five years, and 
believed that if we had started earlier, Boston, and not Ber- 
lin, might be visited for casts and photographs of the Hermes 
of Praxiteles or the Nike of Peonius. 

Mr. J. T. Clarke was next introduced and was warmly 
cheered. He gave a short account of the results of the work 
done at Assos, and stated that many of the discoveries took 
rank with the famous ones at Olympia. It is impossible to 
give more than the briefest mention of the subject. There 
was a large agora at Assos included between a stoa upon one 
side and a building on the other, which proves to be the best | 
remains of a Greek bath yet discovered. Near by was « con- 
lenlerion, or building, in which the archives of the city were 
preserved, and also the herodn, where distinguished persons 
Were entombed. The agora was on a terrace, and at its up- 
per side was a reservoir connected by conduits with the 
baths. Since the lasi report was made the knowledge of the 
temple then treated of has been brought nearly to perfection 
in the ceiling, the acrotera, and methods of stone cutting and | 
laying. There was also the gymnasium, the atrium, seven | 





Christian churches, a street of tombs of various ages, and 
'4 sarcophagi of the flesh-eating Assos stone. There was 
4 great quantity of vases, two important mosaics, some gold 
articles, and specimens of glass, The whole results can be 
set forth only in volumes, and are of very great value. 
Professor Ware made some interesting remarks on his re- 


is so near us that we can just see the summit of | 


irty of those best known in England as scholars | 


} 


cent visit to Assos, and the Rev. Phillips Brooks closed with 
very apt observations, in which he said that he hoped the 
work done by the Institute would be found to be not at all 
| practical, that it would prove to be incapable of being put to 


| 


1880—one at the fort that crowns the Ballon de Servance 
(Vosges), and the other in the environs of Annecy, at the 
summit of the Semnoz. In Switzerland, we may cite the 
posts of observation upon the Rigi (1,790 meters), and upon 


any movey making use whatever, so much did he wish to | the Gabris (1,153 meters), and the Alpine stations of Saint 


emphasize the value of studies considered not practical in 
common interpretation. He offered the following resolu- 
| tions, which were enthusiastically carried: 

Resolved, That the work of the Archeological Institute de- 
serves the support of this community. 

Resolved, That the chairman of the meeting be requested 


Gothard, Julier, Suint Bernard (2,478 meters), Simplon, ete. 
But the majority of these stations are established in moun- 
tain passes that present very abnormal conditions; and 
data in regard to temperature, observations upon pressure, 


/} upon the wind, upon the rain, etc., are here influenced by 


local circumstances; for example, by radiation from the 


| to appoint a committee for the purpose of obtaining means, overhanging masses of rock, by the vicinage of obstacles 


for the publication of the re 
| Assos, and for the general wor 
vertiser. 


op of the investigations at 
of the Institute.— Boston Ad- 
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| THE SWISS METEOROLOGICAL OBSERVATORY 
ON MOUNT SANTIS. 


As well known, the second International Congress of 
Meteorologists (asembled at Rome in 1879), “ recognizing 
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that arrest the clouds, and thus have an influence upon the 
beight from which the water falls, by the deviation of the 
currents that become ingulfed in the defiles, etc. 

From all these points of view, it is therefore desirable to 
place mountain observatories upon isolated summits. 

In Switzerland, one point especially had for a long time 
appeared to be well adapted for the location of a meteoro- 
logical station of this kind, and that was the Pic-du-Santis, 
in the Canton of Appenzell. Thanks to the activity of the old 


Fie. 2—THE ANEMOMETER AT THE METEOROLOGICAL OBSERVATORY STATION ON THE SANTIS. 


the utility and importance of mountain observatories for 
the physical study of the higher strata of our atmosphere, 
recommended the Swiss Society of Sciences to do its ut- 
most to have an observatory established upon one of the 
higher summits of Switzerland.” It is also well known that | 
vumerous establishments of this kind now exist in different 
parts of the world. In France, there is the celebrated sta 
tion of General De Nansouty on the summit of the Pic-du- | 
Midi, at an altitude of 2,859 meters, and another on the 
Puy-de-Dome, at a height of 1,463 meters above the level 
of the sea. Two other mountain stations were created in 


Meteorological Commission of the Swiss Society of Natural 
Sciences, which, encouraged by the International Congress 
of Meteorologists at Rome, made an appeal to all the friends 
of science, and tbanks to the perseverance of Mr. Billwiller, 
director of the Central Federa! Meteorological Bureau, this 
project of erecting an observatory upon the Pic-du Santis 
bas been realized; and, by means of the subscriptions and 
gifts collected, it became possible to proceed to the orga 
nization of the meteorological station. Between the 2sth 
and 3ist of August, 1882, the Central Federal Bureau put 
in a collection of instruments of precision that bad been 
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compared with its standards, and on the first of September 
the station was inaugurated. It is connected with the Cen- 
tral Bureau of Zurich by a telegraph wire, and with 
Schwendi (a village at the foot of the Pic-du-Santi) by a 
telephone line (a distance, as the bird flies, of 14 kilometers). 
The instruments with which the station is provided are the 
following: a large reservoir barometer (Hermann & Pfis- 
ter’s); a barograph (Hottinger’s), which operates very well; 
two of Negretti & Zumbra’s London automatic thermometers; 
a psychrometer; a Six’s maximum and minimam thermome- 
ter; two pluviometers; aregulatorclock ; and, finally, an excel- 
lent registering anemograph, constructed by Munro of Lon- 
don, and giving the velocity and direction of the wind. 





This latter apparatus, which was ivstalled last summer, is 
placed, properly speaking, upon the summit of Mount San- 
tis (2,504 meters altitude, Fig. 1), while the barometer of 
the station, in the observatory building, is placed, according 
to a leveling made by me at the beginning of July, in com 
any with my friend, Mr. William Reitz, and our observer, 

r, John Beyer, 37 meters lower down in the direction of | 
the north (2,467 meters above the level of the sea). The re- 
gistering apparatus of the anemometer is inclosed in a 
hexagonal structure of iron and wood, whose external sur- 
face is covered with spruce boarding. ‘This structure car- 
ries the external parts of the instrument, and these are 
examined by the olserver as often as necessary by the aid 
of a movable ladder. The structure is provided at the top, 
at a height of 4°5 m. above the ground, with a platform, an 
iron railing, and six Franklin lightning rods (Fig. 2). 

Aside from the indications furnished by the reyistering 
apparatus, one observer, Mr. Beyer, makes regular observa- 
tions every three hours, from 7 o'clock in the morning until | 
9 o'clock at night. The 7, 1, and 9 o'clock observations cor- | 
respond with the series in use in Switzerland. Twice a day 
(at 7 o’clock A.M., and 1 P.M.) the observations are sent to 
the Central Observatory of Zurich, which puts them with all 
those from other Swiss stations and sends them by telegraph 
to Rome, Vienna, and Hamburg, where they are published | 
in the various meteorological bulletins. The telegraph line | 
that connects our station with the plain remains aerial up to | 
its entrance into the telegraph office on the peak of Mount 
Santis. During the winter of 1882-1883 the wire was often 
covered with hoar frost, and then had a thickness that at | 
times reached 30 centimeters. Under such a load the wire 
bent, and afterward snapped when it was swayed by the 
wind. The frequent interruptions that resulted from this 
obliged us to remove the wire from the iron poles and sim- 
ply bury it in the snow;and this brought about a very bappy 
result, since snow is a bad conductor of electricity. —Jules 
Maurer, in La Nature. 











= : : —_ | 
SOME OBSERVATIONS ON ALBUMINURIA. | 


From a study of numerous cases of the various forms of 
Bright’s disease, seen in private practice, Dr. A. Meigs | 
concludes: 1, That in no ordinary, uncemplicated case of 
Bright’s disease should a prognosis of speedy death or even of 
incurable disease be given, for he has observed cases in | 
which the disease was chronic, lasting’more than two years, 
and which ended in complete recovery, and others in which 
the person affected has lived nearly nine years, 2, That 
dyspnea, usually taking the form of renal asthma, is much 
more common than is supposed, and, when properly appre- 
ciated, is a valuable diagnostie sign of the disease; also that 
severe coryza isa complication or accompaniment, and has 
a diagnostic value. 8. That Bright’s disease, asa cause of 
death, is on the increase. 4. That itis a very common cause 
of the death of old people, probably being the direct cause in 
many deaths reported as of old age. 5. That the passage of 

ravel, even when microscopic in size, but particularly if 
arge enough to cause nephritic colic, isa prolific cause of | 
the disease. 6. That the occurrence of tube casts in the 
urine, without or in advance of the presence of albumen, | 
is very common, and vice versa, persons may die of Bright's 
disease, and the most careful examination failto show any 
tube casts, although there may be albumen constantly present 
inthe urine. 7. That the abuse of alcohol is certainly a 
cause of kidney disease is proved by acase in which it has 
again and again caused hemorrhage from the kidney, with the 
temporary presence of albumen and tube casts inthe urine, 
disappearing again with the cessation of its consumption.— 
Boston Medical and Surgical Journal, November 2, 1882 


PREMATURE BALDNESS. 

Tue Edinburgh Medical Journa! reproduces from the 
Berliner klinische Wochenschrift (No. 16, 1883) the following 
note: O,. Lassar has continued his observations on the nature 
of premature baldness, and has further convinced himself 
of the communicability of at least the form associated with 
dandruff. When the bairs which fall off in such cases are 
collected, rubbed up with vaseline, and the ointment so} 
made is rubbed among the fur of rabbits or white mice, 
baldness rapidly makes itself visible on the parts so treated, 
That this is net due to the vaseline was shown by anoivting 
other animals with the vaseline alone, which produced no} 
effect whatever. He considers that the disease is epread by | 
hairdressers, who employ combs and brushes on their cus- | 
tomers, one after another, without any regular cleansing of | 
these articles after each time they are used. During frequent 
visits to the bairdressers it can scarcely fail that brusbes are 
used which have been shortly before Geutng the hair of one 
affected with so common a complaint as scaly baldness. 
Females, he thinks, are less often affected with this form of 
baldness, because the hairdresser more frequently attends 
to them at their own homes, and there uses their combs and 
brushes. In order to prevent as far as possible the com- 
mencement of alopecia prematura, the bair should be cut and 
dressed at home, and with one’s own implements, and these 
thoroughly clean. When it has begun, the following mode | 
of treatment is suggested: The scalp is to be daily well 
soaped with tar or fluid glycerine potash soap, which isto be 
rubbed iu for fifteen minutes firmly, The head is then to be 
drenched with first warm water, and then gradually colder 
water. A two per cent. corrosive sublimate lotion is next to 
be pretty freely applied. The head is then to be dried, and 
the rvots of the buir are to have a one-half per cent. solution | 
of naphthol in spirit rubbed into them. Finally, a pomade 
of 14¢ to 2 per cent. of carbolic or salicylic oilis to be used 
to the head. This treatment has now in many cases brought | 
the disease not only to a stand, but the hair has been to a/| 
considerable extent restored. 





Tricutnosis is said to be spreading in Silesia, and it is| 
stated that many Prussian doctors appear to be ignorant of | 
its nature and treatment, though it is asserted that the dis- | 
ease has been known for centuries in Europe, and that 
numerous deaths, especially in parts of Germany, bave 
occurred from eating hares as well as bogs. 





| injection pipe. 
tery completed the recovery. 
20, in good bealth and fair spirits. 


| stroyed have been sold. 
j}and whose livelihood depends uponthbe picking of those 
| rags, but too frequently fall victims to this criminal disobe- 
| dience of the law 
‘ ee 
cal Government Board, made a searching inquiry into the 


cause of an outbreak of smaill-pox, and clearly traced it to | MUNN & CO., Publishers, 
| old infected clothes, In mild epidemics, where the dis-/ 261 Broadway, New York, N. Y. 
ease is not so contagious, and usually not so fatal, boards of | z 


guardians content themselves with merely ordering the cis- 


| S.E., has lately demonstrated that by means of high pres- | 
| sure steam he can effectually destroy every vestige and germ | 








(Mun. axp Sune. Rerorrsr.) } pressure of steam forced into this chamber must pe: 
A STROKE OF LIGHTNING. i that are under treatment. For the purpose of 
ing the capability of this new disinfector, a bundle of sain 
On the 28d of May, 1888, C. Frank Sheely was struck by | rags, which had been subjected to great hydraulic Pp : 
lightning on the old Hare property near Gettysburg. | have been experimented upon, and found when taken 
The lectric bolt or yy) ee over the house, en- to have been thoroughly purified. The process of q ; 
tered the chimney and in it divided, a portion of the current | tion can be thoroughly finished in the course of half an boy 
going direct to the kitchen, and a portion followed thestove- | and on the goods being taken out are found to be as d 4 
pipe of a stove in an adjoining room, passing over the stove | when they were first put in. The germs of many d ys 
to the floor, and then caught the left foot of Mr. Sheely; | have recently been traced to the existence of sonie mic oe) 
burst his shoe, entered the foot under the joint of the big | insect, which lays its eggs freely, and propagates 
toe, wounding it like a bolt of hot iron; burning the under | yerms in tbis manner. The bigh temperature use¢ in 
portion of the joint; passing over the foot; ascending the | Lyon’s process is sufficient to kill not only insect life but 
eg, burning the bair on it; passing over the abdominal | aJso to destroy the eggs which would have remained upis 
muscles; up the left side, marking the leg, belly, and sides | jured at boiling heat. Of the utility of such a dising, 
witb characteristic red stripes or flashes; then passing be- | apparatus there can be no question, as by its means clothes 
hind the shoulder, and out through the coat, severely shock- | infected by small-pox, and the furniture on which the 
ing the system, but not killing the subject. The muscles of | yalescent patient has rested, instead of being destroyed aug 
replaced at great expense, can now be thorough] pur- 
ified at small cost. This makes Lyon’s patent high 
sure steam purifying apparatus a sine qua non to all those 
sponsible boards who, while studying the health of their fel- 
low-citizens, also look to the interest of the ratepayers, Toall 
large hospitals, especially those provided for the arm 
navy at great expense to the country, this apparatus should 
recommend itself; and even with still more force should ig 
be recommended to the attention of those charitable institg. 
tions where cases of special contagious diseases are treated, 
It is needless to point out how necessary such « purifier 
must be at all depots where immigrants land after a 
voyage cooped up in the steerage of an emigrant ship,— 
| Inventors’ Record. 





























































































the foot, leg, and side were for atime paralyzed, skin burnt 
and scorched, producing much nervous and muscular pros- 
tration, and excessive pain in the limbs of the oppusite 
The case seemed hupeless. 


side. 
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A CATALOGUE containing brief notices of many important 
scientific papers heretofore published in the SuPPLEMEyR, 
| may be had gratis at this office. | 
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— 





Scientific American Supplement. 


PUBLISHED WEEKLY. 
Terms of Subscription, $5 a Year. 


The prostration was treated by an enema of spirits, the | 
ain by morphia thrown under the skin by a hypodermic 
Time, tonics, and an electro galvanic bat- 
He was in my office October 


J. W. ©. O’Ngat, M.D. 
Gettysburg, Pa. 


PORTABLE DISINFECTING CHAMBER 

Ir was well said that ‘‘ poverty makes us acquainted with arn 
strange bed-fellows,” and it might also have been added, All the back numbers of THE SuPPLEMENT, from the 
with strange bed clothes. The Public Health Act makes it | commencement, January 1, 1876, can be had. Price, 16 
imperative that all clothes which bave wrapped the body of | cents each. 
any patient stricken with an infectious disease should be | 
destroyed as soon as possible; vet, strange to Say, the cu- 
pidity of the poor is greater than their apprehension of dan- 
ger from infection, and too frequently we find that out- | each volume, $2.50, stitched in paper, or $3.50, bound im 
breaks of loathsome epidemic, like that of small-pox, are | stiff covers. 
traced to second hand clothes, which instead of being de- | 
Those who work in paper mills,| ComBrmvepD Rates —One copy of ScrentTiric AMERICAR 
}and one copy of ScreNnTIFIC AMERICAN SUPPLEMENT, one 
year, postpaid, $7.00. 
| A liberal discount to booksellers, news agents, and can- 
v 


Sent by mail, postage prepaid, to subscribers in any part of 
the United States or Canada. Six dollars a year, sent, pre- 
paid, to any foreign country. 





All the back volumes of THz SuPPLEMENT can likewise 
be supplied. Two volumes are issued yearly. Price of 





In 1881 Dr. Franklin Parsons, of the Lo 
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